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t 

1.0 INTRODUCTION 

This document provides  an execu t ive  summary of  our  WPOl Phase B a c t i v i t i e s  per 
t h e  requirements  of DR15. Sect ion  2.0 summarizes our  Systems a c t i v i t i e s  
dur ing  t h i s  e f f o r t  and provides  an overview of t h e  system level engineer ing  
t a s k s  w e  performed. Areas d iscussed  inc lude  requirements ,  system test and 
v e r i f i c a t i o n ,  t h e  advanced development p l an ,  customer accommodations, 
sof tware ,  growth, p roduc t iv i ty ,  opera t ions ,  product assurance  and m e t r i c a t i o n .  

Sec t ion  3 summarizes our hardware element s tudy  'results. 
recommended conf igu ra t ions  a r e  provided f o r  t h e  co re  module, t h e  USL, t h e  
l o g i s t i c s  elements, t h e  propuls ion subsystem, r eboos t ,  v e h i c l e  accommodations, 
and t h e  smart f r o n t  end. 

Overviews of 

Sec t ion  4 provides  a b r i e f  overview of our  c o s t i n g  activit ies.  

Each of t hese  t o p i c s  is covered i n  g rea t e r  d e t a i l  in Volume I1 of t h i s  
document. 

0 104U 1-1 
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2.0 SYSTEMS ACTIVITIES 

The Systems e f f o r t s  on t h e  Phase B c o n t r a c t  a c t i v i t y  w a s  i n i t i a t e d  wi th  a 
review ‘of t h e  Level B Engineering Master Schedule (EMS) t o  determine what 
s t u d i e s  and ana lyses  needed t o  be  conducted so t h a t  t h e  r e s u l t a n t  d a t a  output  
could permit t h e  MSFC program and project  personnel t o  meet t h e i r  commitments 
e s t a b l i s h e d  by  t h e  EMS. 

For each theme a c t i v i t y  i d e n t i f i e d  i n  t h e  EMS f o r  which t h e  MSFC was 
r e spons ib l e  f o r  providing,  data t o  e i t h e r  Level B o r  t o  another  Work Package 
Center (a long wi th  i t s  appropr ia te  recommendation), our  systems and 
engineer ing personnel  worked wi th  the  MSFC personnel  t o  i d e n t i f y  the  d a t a  
needed t o  provide t h e  r equ i r ed  output.  What w a s  i d e n t i f i e d  w a s  a l i s t i n g  of  
s t u d i e s  and/or  ana lyses ;  what EMS a c t i v i t y  i t  w a s  r e l a t e d  t o ;  when i t  had t o  
be completed; who w a s  r e spons ib l e  for it; and what i t s  o b j e c t i v e  was .  

The results of t h i s  a c t i v i t y  were b a s i c a l l y  recommended conceptual  design 
approaches,  new o r  modified requirements , and a d e f i n i t i o n  of methodologies 
which were presented  t o  t h e  MSFC as  p a r t  of t h e  e s t a b l i s h e d  DR02 and DR19 d a t a  
packages i n  suppor t  of RUR-1, RUR-2, and o t h e r  scheduled program mi les tones .  
I n  a d d i t i o n ,  t hese  d a t a  were summarized and presented t o  the  Level B Systems 
I n t e g r a t i o n  Board (SIB) and Space S ta t ion  Control Board (SSCB) as d i r e c t e d  by 
t h e  MSFC and as needed t o  suppor t  Change Requests (CRs) and Change Directives 
(0s) of i n t e r e s t  t o  t h e  MSFC WP-01 a c t i v i t y .  

Support t o  t h e  Level B EMS a c t i v i t y  and t o  t h e  SIB/SSCB a c t i v i t y  h a s  continued 
throughout t h e  l i f e  span of the Phase B c o n t r a c t  e f f o r t .  I n i t i a l l y  t h i s  
a c t i v i t y  w a s  focused on the  twenty themes grouped i n t o  c a t e g o r i e s  covering 
Requirements, Configurat ion and S t r a t eg ie s .  During t h e  IRR/SRR timeframe, t h e  
focus s h i f t e d  from these  themes t o  a c t iv i t i e s  covering Data Books, t h e  PDRD 
(Sec t ion  3 and o the r  s e c t i o n s ) ,  In t e r f aces ,  Plans and Design Cons idera t ions ,  
but  t h e  support  a c t i v i t y  b a s i c a l l y  remained t h e  same; i.e.,  s t u d i e s  and 
ana lyses  were conducted t o  suppor t  t h e  process ing  of  CRs and C D s  through t h e  
Level C and Level B change boards. 

S p e c i f i c a l l y  two courses  of ac t ion  were taken i n  suppor t  of t h i s  change 
ac t ion .  In  one case the  change was generated by a WP c e n t e r  o t h e r  than  WPO1, 
and i n  t h e  o t h e r  case t h e  changes was a WPOl o r i g i n a t i o n .  The processing and 
approach taken on these  two was b a s i c a l l y  t h e  same wi th  the  d i f f e r e n c e  being 
t h e  depth and l e v e l  of d e t a i l  i n  the s tudy provided f o r  those  s t u d i e s  which 
were a WPOl r e s p o n s i b i l i t y  and concern versus  those  CRs which were a 
non-impact t o  WPO1. 

I n  t h i s  change a c t i v i t y  area our systems e f f o r t  cons i s t ed  of reviewing t h e  CR, 
providing a response t o  t h e  CR ( inc lud ing  a l l  back-up d a t a  necessary  t o  
suppor t  s a i d  p o s i t i o n ) ,  p re sen t ing ,  o r  suppor t ing  i t s  p resen ta t ion  t o  t h e  WPOl 
Change Control Board (CCB) and, i f  deemed appropr i a t e  by ’ t he  MSFC, presenring.  
t h e  t echn ica l  or  programmatic pos i t ion  t o  t h e  SIB/SSCB i n  suppor t  of WPO1. 
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Perhaps more important ly ,  t h i s  a c t i v i t y  a l s o  cons i s t ed  of t ak ing  t h e  r e s u l t s  
of on-going s t u d i e s  and ana lyses  which ind ica t ed  t h e  need f o r  a change t o  
. ex i s t ing  program documentation - t h e  PDRD or some plan or  process  - and a f t e r  
coord ina t ion  wi th  t h e  appropr i a t e  MSFC personnel  , conver t ing  t h i s  s tudy output  
i n t o  a CR and a s s i s t i n g  WPOl i n  processing it  through t h e i r  own CCB and the  
SIB/SSCB u n t i l  i t  is f i n a l l y  approved and incorpora ted  i n t o  t h e  a p p r o p r i a t e  
program documentation. 

The f i n a l  ou tput  of a l l  of t h i s  Systems a c t i v i t y  w a s  t h e  i n c l u s i o n  of t h e s e  
da t a  from t h e  var ious s t u d i e s ,  ana lyses  and change board suppor t  i n t o  
appropr i a t e  r epor t ing  documentarion such as DR02, 04, 07, em. ,  and i t s  
inc lus ion  i n t o  t h e  program c o n t r o l l i n g  documentation such as  PDRD, SRD, C E I  
s p e c i f i c a t i o n s  and the l i k e .  

Our system level  engineering a c t i v i t i e s  f o r  t h i s  Phase B e f f o r t  are summarized 
i n  t h e  fol lowing paragraphs. A more d e r a i l e d  d i scuss ion  of t hese  t o p i c s  1s 
provided i n  Sect ion 2.0, Volume I1 of  t h i s  document. 

2.1 REQUIREMENTS 

The requirements  development act ivi t ies  were comprised of two major parts; r h e  
requirements analyses  and recommendations i n  f u l f i l l m e n t  of SOW 3.2.2.1 and 
t h e  i n t e r f a c e  analyses  and d e f i n i t i o n s  i n  compliance with SOW 3.2.2.4. These 

. a c t i v i t i e s  culminated i n  t h e  prepara t ion  of pre l iminary  P a r r  I Contract  End 
Item (CEI) s p e c i f i c a t i o n s  f o r  UP-01 elements and p re l imina ry  I n t e r f a c e  
Requirements Documents (IRD) f o r  e x t e r n a l  WP-01 i n t e r f a c e s ,  i n  compliance wi th  
sow 3.3.3. 

An a p p l i c a b i l i t y  matrix f o r  SOW Attachments C2, C3,  and C4 requirements  to 
WP-01 elements w a s  provided In  DR-01. A s p e c i f i c a t i o n  tree, recommended 
changes t o  SOW Attachments C2, C3,  C4, I C D  scope s h e e t s ,  and n i n e  IRDs were 

I submit ted as p a r t  of DR-02. Subsequent e f f o r t s  included review and comment 
suppor t  f o r  seven IRDs prepared by ano the r  c o n t r a c t o r ,  and t h e  prepara t ion  of 
an  a d d i t i o n a l  IRD. 

I 

As p a r t  of t h e  DR-03 submi t t a l ,  f ive  cont racc  end item (CEI) development 
s p e c i f i c a t i o n s  and e i g h t  a t tachments  t h e r e t o  were completed. R e v i e w  and 
comment suppor t  was provided f o r  four  o the r  CEIs .  The I R D s  and CEI 
s p e c i f i c a t i o n s  submitted are l i s t e d  i n  Table 2.1-1. 

2.2 SYSTEM TEST AND VERIFICATION 

A System T e s t  and Ver i f i ca t ion  Plan (STVP) w a s  developed du r ing  Phase B i n  
accordance wi th  DR-04. This plan c o n s i s t s  of six volumes and d e f i n e s  t h e  
Martin Marietta approach t o  v e r i f y i n g  a l l  WP-01 c o n t r a c t  and items. The 
following paragraphs summarize t h e  s i x  STVP volumes. 

I 
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Volume 1 is t h e  top-level  STVP document and e s t a b l i s h e s  a WP-01 v e r i f i c a t i o n  
program t h a t  is  c o n s i s t e n t  wi th  the  NASA recognized v e r i f i c a t i o n  process.  It 
de f ines  t h e  methodology t o  be  used across  a l l  WP-01 elements t o  accomplish t h e  
v e r i f i c a t i o n  t a sk  and i d e n t i f l e s  the c e r t i f i c a t i o n  requirements  t h a t  are 
common t o  a l l  elements inc luding  support  equipment and sof tware.  The document 
con ta ins  a flowdown of r e s p o n s i b i l i t i e s ,  documentation and c o n t r o l s  from 
h ighe r  level NASA requirements t o  the p r o j e c t  . 
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TABLE 2.1-1 I R D / C E I  SUBMITTALS 

I R D s  Submitted: 

SS-IRD-0100, Rev. B, Modules t o  NSTS 
SS-IRD-0101, Rev. A, Common Module t o  HSOM 
(This  document w a s  subsequent ly  d e l e t e d  by  MSFC) 
SS-IRD-0105, Rev. B, U.S. Modules t o  Space Scat ion 
SS-IRD-0301, Rev. A, Log i s t i c s  Elements t o  Space S t a t i o n  
SS-IRD-0401, Rev.  A ,  OMV Accommodations t o  Space S t a t i o n  
SS-IRD-0405, Rev. A, OMV Accommodations t o  NSTS 
SS-IXD-0501, Rev. A, OTV Accdmmodations t o  Space S t a t i o n  
SS-IRD-0900, I n i t i a l ,  Airlock t o  Air lock O u t f i t t i n g  
SS-IRD-0901, I n i t i a l ,  Air lock t o  NSTS 
SS-IRD-0303, I n i t i a l ,  Pressur ized  L o g i s t i c s  Carrier t o  Space 
S ta t ion  
SS-IRD-0902, New, Airlock t o  EVA 

CEI Spec i f i ca t ions  Submitted: 

SS-SPEC-0001, Common Module - Attachment A, Software - Appendix 1 0 ,  Habi ta t ion  Module - Appendix 20, Materials Technology Laboratory - Appendix 30, Logi s t i c s  Module 

- Attachment A, Software 
SS-SPEC-0002, O u t f i t t e d  Materials Technology Laboratory 

SS-SPEC-0005, Hyperbaric Airlock 
SS-SPEC-0008, O T V  Accommodations 
SS-SPEC-0009, Smart Front End - Attachment A, Software 
Attachment A, Software f o r  SS-SPEC-0006, Space S t a t i o n  
Interconnect  
Attachment D, MGSE for a l l  Space S t a t i o n  CEI S p e c i f i c a t i o n s  
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2 . 2 . 2  Basic Module (Volume 2)  

Due t o  t h e  f a c t  t h a t  t h e  s p e c i f i c a t i o n s  f o r  t h e  U.S. Taboratory ('IAB), 
Habi ta t ion  Module (HM) and Log i s t i c s  Module (LM) con ta in  many common f e a t u r e s ,  
t h e  concept of  a b a s i c  o r  core  module f o r  assembly and t e s t  planning purposes 
has  been r e t a ined .  Development, c e r t i f i c a t i o n  and in-process acceptance 
v e r i f i c a t i o n  of  a "bas ic  module" i s  def ined i n  Volume 2 of t h e  STVP. 

The b a s i c  module c e r t i f i c a t i o n  program reflects the  p r o t o f l i g h t  concept.  It 
inc ludes  sub-element development t e s t i n g  o f  s e l e c t e d  s t r u c t u r e  'and mechanisms , 
component /subassembly acceptance and q u a l i  f i ca ti on , pre-instal la t i o n  and 
p o s t - i n s t a l l a t i o n  t e s t i n g  of  common subsystem equipment, and in-process' 
acceptance/certificarion of those  f ea tu res  which can b e s t  be  accomplished a t  
t h e  Basic Module (BM) level of  bu i ld .  Upon completion of v e r i f i c a t i o n  
a c t i v i t y  def ined i n  Volume 2 ,  the module assemblies  w i l l  undergo a d d i t i o n a l  
o u t f i t t i n g ,  l i m i t e d  d e l t a  c e r t i f i c a t i o n  and f i n a l  acceptance as de f ined  i n  
Volumes 3, 4 and 6 of the  STVP. 

2.2.3 U.S. Laboratory Module (Volume 3) 

The assembly and test a c t i v i t y  required t o  up-grade a Basic Module t o  a f u l l y  
o u t f i t t e d  Laboratory Module (LAB) is  i d e n t i f i e d  i n  Volume 3 which d e f i n e s  the  
d e l t a  c e r t i f i c a t i o n  and f i n a l  CEI acceptance t e s t i n g .  It a l s o  addres ses  t h e  
s u b j e c t  of u s e r  equipment i n t e g r a t i o n  and de f ines  i n  genera l  terms t h e  
v e r i f i c a t i o n  a s soc ia t ed  wi th  t h a t  t a sk .  Because t h e  LAB i s  a deployable  
end-item, t h i s  volume inc ludes  v e r i f i c a t i o n  a c t i v i t y  r equ i r ed  both a t  the  
launch s i te  and on-orbit. 

2 . 2 . 4  Logi s t i c  Elements (Volume 4) 

The L o g i s t i c  Elements (LE) c o n s i s t  of t h r e e  s e p a r a t e ,  t e s t a b l e  
conf igu ra t ions :  f i r s t ,  a pressurized carrier which is a d e r i v a t i v e  of t he  
Basic Module; second, a p r o p e l l a n t / f l u i d s  c a r r i e r ;  and t h i r d l y ,  an 
unpressurized cargo carrier. A l l  of t h e  d e l t a  o r  i n i t i a l  C e r t i f i c a t i o n  and 
t h e  f i n a l  acceptance of t h e s e  items is def ined  i n  Volume 4 .  Also included i s  
t h e  v e r i f i c a t i o n  requi red  a t  the Launch S i t e  and f o r  i n i t i a l  on-orbi t  
a c t i v a t i o n .  

2 . 2 . 5  Resource Node S t r u c t u r e  (Volume 5) 

The WP-01 e f f o r t  on the  Resource Node i s  p r imar i ly  b a s i c  s t r u c t u r e  assembly 
and test. For t h e  most p a r t  t h i s  a c t i v i t y  is  v e r y  similar t o  (a l though 
independent o f )  t h e  Basic Module s t r u c t u r a l  c e r t i f i c a t i o n  e f f o r t .  Volume 5 
def ines  the  v e r i f i c a t i o n  a c t i v i t y  which is  c u r r e n t l y  r equ i r ed  p r i o r  t o  
sh ipping  the u n i t s  t o  o t h e r  l oca t ions  f o r  f i n a l  o u t f i t t i n g .  
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2.2.6 Habi ta t ion  Module (Volume 6) 

The Habi ta t ion  Module (HM) is a l s o  a d e r i v a t i v e  of t h e  Basic Module f o r  
assembly and t e s t  purposes; t h e r e f o r e ,  a major por t ion  of t he  b a s i c  s t r u c t u r e  
and component/subassembly c e r t i f i c a t i o n  i s  covered by Volume 2. Delta 
c e r t i f i c a t i o n  of HM unique equipment and the  t e s t i n g  a s s o c i a t e d  wi th  f i n a l  
O u t f i t t i n g  and end-item acceptance is  inc luded  i n  Volume 6. This  a c t i v i t y  
inc ludes  t h e  i n s t a l l a t i o n  and v e r i f i c a t i o n  of  both WP-01 provided subsystem 
equipment and a s i g n i f i c a n t  amount of  Government Furnished Equipment (GFE) 
assoc ia t ed  wi th  crew suppor t  and o t h e r  non-WP-01 systems. The f i n a l  end-item 
acceptance tests of the HM w i l l  inc lude  t h e  v e r i f i c a t i o n  of both types  of 
equipment ope ra t ing  as an i n t e g r a t e d  module. 

2.3 ADVANCED DEVELOPMENT PLAN 

An Advanced Development Plan (ADP) w a s  prepared and submit ted i n  accordance 
wi th  DR-05. This plan h a s  as i t s  o b j e c t i v e  t h e  advancement o f  s e l e c t e d  
technologies  t o  a level of  ma tu r i ty  t h a t  w i l l  provide a sound b a s i s  t o  begin 
designldevelopment of t h e  Space S ta t ion .  Five key technology areas were 
s e l e c t e d  f o r  advanced development: 1) Demonstration of a f l u i d  and e lec t r ica l  
umbi l ica l  mechanism; 2) F l i g h t  demonstration of a vaned f l u i d  management 
system; 3) Subsystem f a u l t  d e t e c t i o n ,  i s o l a t i o n s  and c o n t r o l  ; 4) Materials 
technology f o r  long-term space a p p l i c a t i o n s ;  and 5 )  Closed looop ECLSS 
hardware and automation. 

2.3.1 Advanced Develoument Imolementation f o r  t h e  I n i t i a l  Soace S t a t i o n  

Our i n t e g r a t e d  technology plan inc ludes  ou r  IRbD p r o j e c t s ,  our WP-01 ADP f o r  
t h e  i n i t i a l  elements of SSP, t h e  NASA Advanced Development Plan and our  
def in i t ion-phase  a c t i v i t i e s .  We have i d e n t i f i e d  p r o j e c t s  i n  ou r  IR&D program 
from which w e  can d e r i v e  maximum concurrent  b e n e f i t s  f o r  SS. Our p lans  
inc lude  t h e  use  of NASA test  f a c i l i t i e s  and NSTS f l i g h t s  t o  b r i n g  t h e  
technologies  w e  s e l ec t ed  t o  t h e  h i g h e s t  poss ib l e  level  of ma tu r i ty  w i t h i n  an 
a f fo rdab le  cos t .  

Martin Marietta Laborator ies  is i n t e g r a t i n g  and organiz ing  Corporate-wide 
c a p a b i l i t i e s  d i rec ted  toward t h e  development . of Space S t a t i o n  advanced 
technologies  wi th  p a r t i c u l a r  a t t e n t i o n  pa id  t o  the environmental  c o n t r o l  and 
l i f e  suppor t  subsystem (ECLSS) and its evolu t ionary  growth requirements  

The results of our  IR&D act ivi t ies ,  advanced development tasks and ou tpu t s  
from t h e  NASA s t u d i e s  were used in our  d e f i n i t i o n  t r a d e  s t u d i e s .  W e  
con t inua l ly  monitored ou r  i n t e g r a t e d  technology p l an  t o  ensu re  t h a t  w e  
maintain t h e  proper scope and d i r e c t i o n  of  our  t a sks .  

2.3.2 

During the  d e f i n i t i o n  phase, w e  prepared an  advanced development plan and 
rec'ommendations f o r  the technologies  r equ i r ed  f o r  evo lu t iona ry  growth of 
t h e  SSP. These recommendations considered t h e  r e s u l t s  of t h e  ADP f o r  t he  
i n i t i a l  elements of t h e  SSP and the  implementation of  t h a t  p lan  du r ing  t h e  

Advanced Development Recommendations and Plan f o r  Growth SSP 
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r e s u l t s  o f  t h e  NASA Advanced Development 
and Robotics P lan ,  t h e  ATAC outputs  as they  

technology c o n t r a c t s  , our  I R & D  program, and 
t h e  o t h e r  sources  i n  formulat ing our  recommendations. The recommendations are  
time-phased and based on our  concept of t he  f u t u r e  c a p a b i l i t i e s  of SS and t h e  
technology l e v e l s  r equ i r ed  t o  support  those  goa ls .  Our Advanced Development 
Plan f o r  Growth w i l l  stress those  technologies  t h a t  w i l l  a l l ow an o r d e r l y  
evolu t ion  from t h e  i n i t i a l  conf igura t ion  t o  t h e  u l t i m a t e  design.  

2.4 CUSTOMER ACCOMMODATIONS 

The accommodations t o  b e  provided t o  t h e  Users of t h e  United S t a t e s  Laboratory 
(USL) are descr ibed  i n  t h i s  s e c t i o n ,  which is a summary of our  DR-06 submi t t a l .  

2.4.1 User Reauirements 

User requirements d e f i n i t i o n  is based on information de r ived  from t h e  Mission 
Requirements Data Base (MRDB), from t h e  Microgravi ty  and Materials Process ing  
F a c i l i t y  (MMPF) s tudy ,  and from the  L i f e  Sciences Space S t a t i o n  Planning 
Document (Redbook). 

The accommodations provided by the  USL w i l l  be  shared by Users from t h e  
d i s c i p l i n e  areas of Life Sciences and Materials Technology. I n  gene ra l ,  t h e  
accommcdations r equ i r ed  by t h e  Mater ia l s  Technology u s e r s  are  more demanding 
than  those  f o r  t h e  Life Sciences.  This  cons ide ra t ion ,  a long  wi th  t h e  long  
range plan t o  provide a n  add i r iona l  l a b o r a t o r y  module. dedica ted  ro l i f e  
sc i ences ,  has  l e d  t o  a dec i s ion  to use  t h e  Materials Technology requirements  
t o  design t h e  i n s t a l l e d  resource  c a p a b i l i t i e s  of t h e  USL. 

The Materials Technology requirements are def ined  by a group of 30 User 
fac i l i t i es  i n  which var ious  development and r e sea rch  ac t iv i t i e s  can be 
performed. These f a c i l i t i e s  are descr ibed i n  Sec t ion  3.2. The re sources  
r equ i r ed  t o  support  t h e s e  f a c i l i t i e s  have been used t o  d e r i v e  t h e  design 
requirements  f o r  t he  USL. 

2.4.2 Laboratory Support Equipment 

User research  and development a c t i v i t i e s  w i l l  r e q u i r e  a complement of 
Laboratory Support Equipment. This complement is i d e n t i f i e d  i n  Sec t ion  3.2. 
This  l i s t i n g  inc ludes  support  equipment f o r  both L i f e  Sciences and Materials 
Technology d i s c i p l i n e s .  

2.4.3 U.S. Laboratory User Accommodations 

The USL w i l l  provide the  i n t e r f a c e s  and resources  necessary  t o  suppor t  
experiment/payload ope ra t ion ,  and an  environment conduct ive t o  e f f i c i e n t ,  
cont inuous,  basic and app l i ed  research a c t i v i t y .  These accommodations a r e  
desc r ibed  i n  d e t a i l  i n  Volume I1 of t h i s  document, and a re  l i s t e d  i n  Table 
2.4-1. 
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TABLE 2.4-1 USL USER ACCOMMODATIONS 

S t r u c t u r a l  /Mechanical - Rack Size - 1892mm x 968mm and 2032mm x1016mm - Rack Secondary S t ruc tu re  - adap t s  payload/subsystem 

- Rack Mounting/Accessibil i ty - t i l t - o u t  design with quick 

- Passageways - Center a i s l e  2134mm (84 i n . )  square - Rack Loading - Accommodate f u l l y  i n t e g r a t e d  double rack  - 
590kg (1300 lb . )  - Workstations - Workbench and glovebox 

Electrical Power - 3kw/single rack;  seven double r acks  with 15kw 
Communications - provided by core  module 
ECLSS - Provided by core  module 
Thermal Control - i n t e r n a l  50kw single-phase water loop;  

ex terna l  single-phase f reon  loop;  c o l d p l a t e s  
C r e w  systems - Standard equipment 
Vacuum - 1 x t o r r ;  1 x t o r r  wi th  augmentation 
Process Mater ia ls  Management Subsystem - s t o r e s / d i s t r i b u t e s  

hardware t o  USL racks  

connecdre l ease  i n t e r f a c e s  

process f l u i d s ;  remaves/stores/dispositions USL payload 
waste by-products 

2-a 
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The Software Development T e s t  and Ver i f i ca t ion  Plan (DR16) w a s  submit ted as  an 
i n i t i a l  and f i n a l  copy covering the  Software Development Environment 
requirements  f o r  Work Package 0 1  areas of r e s p o n s i b i l i t y .  The Software 
Development Environment w a s  renamed t o  be the Software Support Environment 
(SSE) p r i o r  t o  t h e  d e l i v e r y  of t h e  f i n a l  ve r s ion .  The r e d e f i n i t i o n  was more 
p r e c i s e  as t o  what the  SSE provided t o  t h e  user .  

The approach taken i n  desc r ib ing  the so f  mare development t o o l  requirements  
w a s  t o  address  t h e  s t e p s  i n  the  software development l i f e  cyc le  f o r  both t h e  
ground and onboard environments and desc r ibe  a t  each s t e p  t h e  a p p l i c a b l e  t o o l s  
r equ i r ed  t o  perform the  task .  A review o f  commercial products  was made wi th  
respect t o  t h e  requirements i d e n t i f i e d  f o r  suppor t  t o o l s  and a ma t r ix  w a s  
provided i d e n t i f y i n g  i n  many cases  several commercial t o o l s  which would 
s a t i s f y  t h e  requirements.  The r epor t  emphasized t h e  importance of u s ing  of f  
t h e  s h e l f  products  wherever possible  n o t  on ly  t o  avoid development cos t .  bu t  
a l s o  to  s a t i s f y  t h e  use r  that t h e  too l  has been demonstrated s u c c e s s f u l l y  i n  
similar s i t u a t i o n s .  

Software 
however, 
t h e  same 
s t e p s  o r  
T e s t  and 

test w a s  considered separa te  from t h e  rest of sof tware  l i f e  c y c l e ;  
t h e  approach f o r  de f in ing  and documenting test  to01  requirements  w a s  
as with o t h e r  s t e p s  of t h e  cycle .  I n  r e fe rence  t o  t h e  tes t  phase t h e  
t a s k s  descr ibed  were compatible wi th  those  descr ibed  i n  DR04 Systems 

V e r i f i c a t i o n  Plan. 

I n  a l l  cases both hardware and sof tware t o o l s  were i d e n t i f i e d .  Also a l l  
products  of t h e  so f  ware development were considered inc luding  d e l i v e r a b l e  and 
nondel iverable  code, documentation, r e p o r t s ,  s t a t u s  t r a c k i n g  and test  results. 

The i n i t i a l  submi t t a l  of DR16 concained t h e  r e s u l t s  of  several t r a d e  s t u d i e s  
which were conducted t o  assess some p a r t i c u l a r  sof tware  development t o o l s .  
The f i r s t  t r a d e  concerned a recommendation f o r  an a p p l i c a t i o n  sof tware  
language. Although Ada w a s  recommended as t h e  a p p l i c a t i o n s  programming 
several language concerns were expressed. 

An ope ra t ing  system t r a d e  was conducted of commercial ope ra t ing  systems 
a v a i l a b l e  today. The D i g i t a l  E lec t ronics  Corporat ion VMS and Data Genera l ' s  
AOS/VS were t h e  only systems which supported t h e  Ada programming language and 
t h e  ma jo r i ty  of o t h e r  cri teria.  

A t h i r d  s tudy  w a s  conducted concerning networking philosophy. The conclus ions  
of t h e  s tudy  included the  following recommendations: A d i s t r i b u t e d  d a t a  
processing s t r u c t u r e  connected by l o c a l  area networks; implementation of 
I n t e r n a t i o n a l  Standards Organization (ISO) s tandard  model of Open Systems 
In te rconnec t ion  (OSI) f o r  t h e  exchange of information between d i s t r i b u t e d  
systems; recommendations f o r  the implementation i n  e i t h e r  hardware o r  sof tware  
of each of t h e  seven l a y e r s ;  and a t r a n s a c t i o n  processor  used to perform 
common I/O f o r  a p p l i c a t i o n s  programs. 
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A s tudy  w a s  performed on types of d a t a  base management systems (DMBS). Three 
d i f f e r e n t  DBMS models were reviewed i n  r e fe rence  t o  t h e  requirements ,  t h e  
r e l a t i o n a l ,  h e i r a r c h i c a l  and network. The r e l a t i o n a l  model w a s  recommended. 

A f i n a l  s tudy  on User I n t e r f a c e  Language w a s  included i n  DR16. The s tudy 
r e s u l t s  inc lude  the  d e f i n i t i o n  of s e v e r a l  ca t egor i e s  of requirements  f o r  t he  
use r  i n t e r f a c e .  Based on t h e  d i v e r s i f i c a t i o n  of u s e r s  and of u s e r  
requirements  t h e  study r e s u l t s  showed t h a t  a s i n g l e  u s e r  i n t e r f a c e  language i s  
u n l i k e l y  t o  s a t i s f y  a l l  requirements and a s tandard  f o r  a family of  
i n t e r r e l a t e d  use r  i n t e r f a c e  languages i s  more 1 ike ly .  

2.6 AUTOMATION AND ROBOTICS 

2.6.1 Summary 

The Automation and Robotics Plan (DR-17) w a s  c r e a t e d  t o  meet t h e  d a t a  
requirements of cont rac t  NAS 8-36525 and r ep resen t s  Martin Marietta's approach 
t o  implement automation and r o b o t i c s  technology i n  Work Package 1. This b r i e f  
d e s c r i p t i o n  is a summary of i t s  major conten ts .  

2.6.2 Plan Elements 

The plan p r i n c i p l e s  and strategies scope and d i r e c t  t h e  planning, des ign ,  and 
implementation e f f o r t s  of Space S t a t i o n  automation and r o b o t i c s  (A&R) t o  
ensure  compliance with t h e  o v e r a l l  goa l s  and t h e  e f f i c i e n t  u s e  of  a v a i l a b l e  
resources .  This  plan is intended t o  evolve throughout t h e  Phase B program, 
maturing as t h e  program i t se l f  matures,  wi th  vary ing  stress i n  i ts  four  
submi t ta l s .  

The Phase C/D Implementation Plan is a top  level d e s c r i p t i o n  of Phase C/D 
segments with p a r t i c u l a r  emphasis on A&R implementation. The e a r l y  phases 
w i l l  complete t h e  design and development a c t i v i t i e s  i n i t i a t e d  i n  Phase B,  
followed by t h e  f ab r i ca t ion  and i n t e g r a t i o n  phases. The f i n a l  subsecr ion ,  
v e r i f i c a t i o n  and ope ra t iona l  phases,  summarizes t h e  f i n a l  t es t  and 
v e r i f i c a t i o n  a c t i v i t i e s ,  p lus  those ope ra t iona l  items a s s o c i a t e d  wi th  launch,  
Placement, assembly and cons t ruc t ion ,  p lus  f i n a l  checkout and o p e r a t i o n a l  
acceptance.  

The l as t  s e c t i o n ,  Evolutionary Growth Summary, t reats,  i n  summary form, 
several appendix sec t ions  dea l ing  w i t h  growth. 

2.6.2 ConClU8iOnS 

a . I n i t i a l  analyses  results i n d i c a t e  no s i g n i f i c a n t  d i f f e r e n c e  between 
p o t e n t i a l  app l i ca t ions  of A&R dur ing  I O C  phases (PMC and MTA) nor  d i f f e r e n c e s  
i n  automation l e v e l s  Over a l l  phases. However, t h e r e  appears  t o  b e  a ve ry  
s i g n i f i c a n t  p o t e n t i a l  f o r  r o b o t i c s  a t  the  growth phase,  as compared to IOC. 
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b. Because of t h e  long  lead-time requi red  t o  develop,  test  and ga in  a h igh  
level of confidence wi th  r o b o t i c s  ( t h a t  a re  adap tab le  and reprogrammable) i t  
is  assumed t h a t  t h e r e  w i l l  be  only l i m i t e d  a p p l i c a t i o n  f o r  r o b o t i c s  a t  I O C  
(both PMC and MTA). 

C. Simulation s t u d i e s  should be ca r r i ed  o u t  f o r  t h e  use  of  robots  i n  micro-g 
i n  conjunct ion wi th  micro-g experiments, so t h a t  an a p p r o p r i a t e  s imula t ion  
c a p a b i l i t y  can be developed t o  reduce t h e  amount o f  hardwarelsof tware t e s t i n g  
requi red .  

d. Wherever poss ib l e ,  robots  should be programmed us ing  a teaching  pendant i n  
micro-g; s i n c e  t h i s  w i l l  s i g n i f i c a n t l y  reduce t h e  amount of  programming 
r equ i r ed  i n  a d d i t i o n  t o  r e q u i r i n g  less t i m e  f o r  development and t e s t i n g .  

e. The development and t e s t i n g  of robot  systems should be considered a very  
h igh  p r i o r i t y  a c t i v i t y .  S t a r t i n g  as soon as p o s s i b l e  a f t e r  IOC, robo t  
t e l eope ra t ed  con t ro l  experiments should be c a r r i e d  o u t  a s  r i g o r o u s l y  as any 
o t h e r  payload experiment. 

f .  The time spen t  developing the  implementation of  r o b o t i c s  f o r  low-g 
cond i t ions  w i l l  pay o f f  wi th  dividends i n  the  f u t u r e  by v a s t l y  inc reas ing  the  
p roduc t iv i ty  of t h e  human crew. 

g. A t  IOC, automation can be  appl ied  t o  a wide v a r i e t y  of Space S t a t i o n  M T L  
t a s k s ,  e s p e c i a l l y  wi th  respect t o  monitor and c o n t r o l  a c t i v i t i e s  f o r  bo th  
subsystems and payloads. 

h. A t  I O C ,  r o b o t i c s  w i l l  have minimal a p p l i c a t i o n  t o  t h e  M T L ,  s i n c e  t h e  t a s k s  
t o  be performed are S i g n i f i c a n t l y  complex t h a t  t h e  use  o f  a robot  f o r  t h e s e  
t a s k s  under l o w  g r a v i t y  condi t ions ,  would be q u i t e  r i s k y  wi thout  adequate  
t e s t i n g . o f  t h e  hardware/software under a c t u a l  space condi t ions .  

i. A more mature Space S t a t i o n  M T L  would b e n e f i t  from r o b o t i c s  s i g n i f i c a n t l y  
t o  inc rease  t h e  p roduc t iv i ty  of t h e  humans on-board, and t o  reduce t h e  hazards  
t o  which t h e  crew are exposed. 

j. Addit ional  e f f o r t  i s  r equ i r ed  ro determine t h e  opt imal  i n t e r f a c e  between 
an  I V A  r o b o t ( s )  and p o t e n t i a l  MTL payload and subsystems equipment ( inc lud ing  
c h a r a c t e r i z a t i o n  and . suppor t  1. Even though some earth-based l a b o r a t o r y  
equipment manufacturers are designing wi th  manipulators  and automation i n  
mind, much a d d i t i o n a l  e f f o r t  must be placed on inco rpora t ing  robo t - f r i end ly  
i n t e r f a c e s  i n t o  t h e  equipment KO be used i n  t h e  MTL. NASA should 
encourage / 1 ev erage t h i s  t rend .  

k. The use of r o b o t i c s  i n  t h e  M T L  may r e s u l t  i n  a l a b o r a t o r y  wi th  a v e r y  low 
l e v e l  of micro-g d i s tu rbances  because robots  can be programmed t o  move i n  a 
ve ry  slow, p rec i se  manner. 
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1. Experiments need t o  be conducted wi th  robo t s  under low-g cond i t ions  t o  
determine t h e  optimum des igns  of arms and end e f f e c t o r s  f o r  va r ious  MTL tasks.  

m. The state-of-the-art  of machine v i s i o n  needs t o  be improved i n  order  t o  
f u l f i l l  t h e  promise of  r o b o t i c s  on t h e  M T L .  The n a t u r e  of t h e  M T L  tasks 
r e q u i r e s  depth percept ion,  pe r iphe ra l  v i s i o n  and a g r e a t e r  degree of p a t t e r n  
r ecogn i t ion  which allows f o r  t h e  i n t e r p r e t a t i o n  of shadows; d i f f e r e n t  ang le s  
o f  view and va r ious  levels of  l i g h t .  

n.  Within MTL robot ics  would perform on a cabin  wide b a s i s ,  w i t h i n  c e r t a i n  
s p e c i f i e d  areas of the cabin ,  and wi th in  enclosed zones. 

0 .  Robotics func t ions  wi th in  t h e  MTL w i l l  r e q u i r e  a Data Management System 
i n t e r f a c e  f o r  command t r a n s f e r  from t h e  crew, ground or payload processors  and 
f o r  mul t ip l e  manipulator coord ina t ion .  

2.7 GRaWTH 

2.7.1 In t roduc t ion  

This  s e c t i o n  summarizes t h e  growth plan f o r  t h e  W P O l  Space S t a t i o n  elements 
updated from t h e  Permanent Manned Coofiguracion (PMC) conf igu ra t ion  which is 
t h e  same as t h e  I O C  conf igu ra t ion  f o r  WP-01 elements.  Note t h a t  f o r  WP-01 
elements,  PMC and I O C  may be used interchangeably.  

2.7.2 Growth Scenarios 

The unique Work Package One (WP-01) elements d i scussed  i n ' t h i s  p lan  are: The 
Core Module, ECLSS, USL O u t f i t t i n g ,  and Log i s t i c s  Module. The growth s c e n a r i o  
used (Table 2.7.2-1) was  based on t h e  W P O l  Phase B Reference conf igu ra t ion  
base l ine .  

Beginning wi th  t h e  b a s e l i n e ,  conf igura t ion  shown i n  F igure  2.7.3-1, a growth 
s c e n a r i o  w a s  developed t o  meet t h e  requirements o f  s e c t i o n s  C-2 and C-4 of t h e  
RFP. The bui ldup  i s  c o n s i s t e n t  w i t h  t h e  block changes t a  t h e  s t a t i o n  def ined  
by t h e  WP-02 cont rac tors .  The growth scena r io  shown i n  Table 2.7.2-1 starts 
with two U.S. modules, one o u t f i t t e d  as an  8 crewmember H a b i t a b i l i t y  (HAB) 
module and t h e  o the r  as a U.S. Laboratory (USL) module; p l u s  fwo i n t e r n a t i o n a l  
modules, one . the European Columbus module and t h e  o t h e r  t h e  Japanese 
Experiment Module (Jpf). There would be two L o g i s t i c s  modules on-orbit  a t  a 
t i m e ,  .one U.S. and one Japanese,  b u t  no permanently s ta t ion-based  OMV. With 
t h i s  bas ing  approach, t h e  O r b i t e r  would br ing  the  OM t o  t h e  s t a t i o n ,  it would 
b e  opera ted  from the Orb i t e r ,  s e rv i ced  from t h e  ground, and have  only  a 
temporary b e r t h i n g  s t a t i o n  on t h e  t r u s s .  
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TABLE 2.7.2-1 GROWTH SCENARIO - ON-ORBIT CONFIGURATION 

I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
1 
I 
I 
I 
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I 

The s t a t i o n  would opera te  f o r  2 t o  3 yea r s  wi th  a crew of 8 befo re  a d d i t i o n a l  
modules were added. This scena r io  proposes t o  add modules incrementa l ly  u n t i l  
a t o t a l  o f  5 U.S.  modules are at tached.  These modules inc lude  an  SLM, another  
USL, HAB and OMV p lus  an a d d i t i o n a l  L o g i s t i c s  module t o  suppor t  t h e  increased  
needs of t h e  requi red  crew buildup. There w i l l  a c t u a l l y  be a double set  of 
l o g i s t i c s  modules needed - one set  on-orbit  and t h e  o t h e r  on ground be ing  
reloaded.  The OTV would be expected i n  1999. This eventua l  growth ve r s ion  
would meet a l l  t h e  def ined  requirements of t h e  RFP and would have t h e  
c a p a b i l i t y  wi th in  t h e  Habs t o  support  a d d i t i o n a l  i n t e r n a t i o n a l  modules ' 
crewmembers i f  more i n t e r n a t i o n a l  modules are  added. . 
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2.7.3 Configuration and Module P a t t e r n  

Growth was  assumed to  begin from t h e  b a s e l i n e  Permanently Manned Configurar ion 
(PMC) as shown i n  Figure 2.7.3-1. This conf igu ra t ion  w a s  base l ined  by NASA's 
Level B based on the SE&I Off ice  drawing AAAQ29Al dated  27 March 1986. It 
uses  t h e  5 meter t r u s s ,  twin k e e l  v e r t i c a l  o r i e n t a t i o n  wi th  two U.S. modules 
and two i n t e r n a t i o n a l  modules mounted i n  a "raft" p a t t e r n  above a t r a i l i n g  
h o r i z o n t a l  t r u s s  platform off t h e  s o l a r  power  c r o s s  t r u s s .  The s o l a r  power 
t russ  suppor ts  a pa i r  of photovol ta ic  s o l a r  a r r a y s  on each s i d e  of t h e  s t a t i o n  
c e n t e r l i n e  a long  the  y-axis,  p lus  a solar dynamic genera tor  l o c a t e d  
immediately outboard of each pa i red  s o l a r  a r r a y .  The U.S. modules are  
in te rconnec ted  by nodes a t  each end and tunne l s  t o  t h e  ad jo in ing  module. Two 
i n t e r n a t i o n a l  modules, a European Columbus and a Japanese Experiment Module 
(JEM), are mounted a f t  of  t he  U.S. Modules and supported by a "back porch" 
t r u s s  (F igure  2.7.3-2). The U.S. l a b o r a t o r y  module, and t h e  Columbus, 
immediately a f t  of i t ,  are mounted on t h e  s t a t i o n  c e n t e r l i n e  t o  be  wi th in  the  
lowest microgravi ty  envelope. An OMV is Orb i t e r  based and only  used a t  t h e  
s t a t i o n  when t h e  Orbi te r  is present  during PMC, b u t  is s t a t i o n  based a t  IOC.  
By optimum spac ing  and l o c a t i o n  of t h e  t r u s s  mounted experiments ,  t h e  c e n t e r  
o f  mass of t h e  s t a t i o n  could be made n e a r l y  co inc iden t  wi th  t h e  l a b o r a t o r y  
modules' c e n t e r  of mass a long  t h e  x-axis. The growth ve r s ion  of t h e  I O C  
conf igu ra t ion  features t h e  a d d i t i o n  of two more s o l a r  dynamic r e c e p t o r s ,  
making a "clover  leaf" conf igu ra t ion ,  a t  each end of  the s o l a r  power 
h o r i z o n t a l  t ru s s .  This provides  t h e  increased  power needed t o  suppor t  t h r e e  
a d d i t i o n a l  modules, two l a b s  and a n  a d d i t i o n a l  Hab. The crew s i z e  i n c r e a s e s  
t o  16 t o  handle  t h e  increased  workload. To maintain t h e  minimal 
debris/micrometeoroid hazard  t h e  modules grow i n  a h o r i z o n t a l  r a f t  p a t t e r n ,  
which a l s o  keeps them in t h e  minimal microgravi ty  envelope (F igure  2.7.3-3)- 
This  results In a t o t a l  of 5 U.S. modules p lus  t h e  L o g i s t i c s  module and two 
I n t e r n a t i o n a l  modules. 
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TOP VIEW 

FRONT V I E W  

FIGURE 2.7.3-1 

SPACE S T A T I O N  BASELINE PERMANENT MANNED CONFIGURATION (PMC) 
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FIGURE 2.7.3-2 

SPACE STATION MODULE PATTERN - BASELINE PERMANENTLY MANNED CONFIGURATION 
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FIGURE 2.7.3-3 

SPACE S T A T I O N  MODULE PATTERN - B A S E L I N E  GROWTH CONFIGURATION 
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2-7 .6  WP.01 Element Growth Concepts and SCAR 

2.7.4.1 Core Module 

The growth concept f o r  t h e  Core Module i s  e s s e n t i a l l y  t o  add modules t o  t h e  
e x i s t i n g  Space S ta t ion  module c l u s t e r .  The design of t h e  Core Module, and the  
u t i l i t i e s  i n t e r f a c e s  provided . a t  t h e  p o r t s  , w i l l  accommodate added modules 
wi thout  scar pena l t i e s  i n  t h e  PMC design.  Subsystems included i n  t h e  Core 
Module PMC conf igura t ions  are dup l i ca t ed  from module-to-module and provide a l l  
services r equ i r ed  of those  subsystems i n  t h e  r e s p e c t i v e  modules, as w e l l  as 
providing t h e  requi red  services t o  i n t e r f a c e  ports. An except ion i s  t h e  ECLS 
subsystem t h a t  has  both d i s t r i b u t e d  and c e n t r a l i z e d  f e a t u r e s .  A l l  modules 
conta in  c e r t a i n  common ECLSS func t ions ;  o the r  func t ions  are d i s t r i b u t e d  t o  
opt imize space,  cos t  and subsystem e f f i c i ency .  The growth concept of adding 
modules e f f e c t i v e l y  allows growth us ing  common hardware and o b v i a t e s  t h e  need 
f o r  scars i n  t h e  PMC design. 

Core Module subsystems do inc lude  design f l e x i b i l i t y  and margin f e a t u r e s  t h a t  
could b e n e f i t  growth concepts.  A t  th is  time, t h e r e  are no scars i n  t h e  Core 
Module PMC des ign  concept r equ i r ed  t o  suppor t  t h e  growth scenar io .  

2.7.4.1.1 - ECLSS - The ECLSS is configured f o r  FMC t o  provide a l l  requi red  
func t ions  f o r  two modules i n  those  two modules. ECLSS growth r e q u i r e s  
increased  c a p a c i t y  i n  t h e  ARS and t h e  water processing c a p a b i l i t y .  

ARS c a p a c i t y  growth r e f l e c t s  module growth, because two ARSs are i n s t a l l e d  i n  
each of the  two PMC modules, and two ARSs are assumed t o  be  added wi th  each 
new h a b i t a b i l i t y  module b u t  n o t  l a b o r a t o r y  modules. I n  a d d i t i o n ,  o t h e r  than 
t h e  PMC conf igura t ion ,  a l l  growth ve r s ions  meet t h e  d e s i r e d  requirement  of 
f a i l  safe i n  safe haven. The growth i n  crew and water process ing  c a p a c i t y  i s  
based on t h e  same assumptions as the  AR subsystem. 

2.7.4.2 USL Provis ions 

This  section addresses  provis ions  f o r  . growth wi th in  t h e  United S t a t e s  
Laboratory (USL). USL growth w i l l  be accommodated through PMC des ign  margins 
and growth scars. 

2.7.4.2.1 Design Margin - Design margins wi th in  the USL w i l l  c o n s i s t  of  
a d d i t i o n a l  resource  c a p a b i l i t i e s  which w i l l  be  provided a t  PMC t o  accommodate 
Growth requirements.  The design margin a t  PMC i s - d r i v e n  by t h e  des ign  of t h e  
Space S t a t i o n  common module which w i l l  preclude t h e  need f o r  t h e  On-Orbit 
i n s t a l l a t i o n  of  a d d i t i o n a l  c a b l e  runs and plumbing w i t h i n  t h e  module. 
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2.7.4.3 L o g i s t i c s  Elements 

2.7.4.3.1 Design Concept f o r  Growth - L o g i s t i c s  Element growth accommodations 
provides  t h e  c a p a b i l i t y  t o  accept increased  c r e w l s t a t i o n l u s e r  resupply  
requirements.  Severa l  methods are  being a p p l i e d  t o  accommodate t h e  growth 
e f f e c t i v e l y  inc luding  modular addi t ions  (e .g., r e f r i g e r a t o r l f r e e z e r  volume, 
LN2 t anks ) ,  i nc reased  s t o r a g e  c a p a b i l i t y ,  i n c l u s i o n  of r a p i d  sample r e t u r n  
and t r a s h  d i s p o s a l  techniques.  

2.8 PRODUCTIVITY 

This  s e c t i o n  summarizes our e f f o r t s  i n  Phase B t o  d e f i n e  a p r o d u c t i v i t y  
program f o r  implementation i n  Phase C/D. 

2.8.1 Approach 

A t  t h e  o u t s e t  o f  Phase C/D, a n  Operations D i r e c t i v e  (OD) w i l l  be  i s sued  by  t h e  
Vice Pres iden t  P r o j e c t  Manager, Space S t a t i o n ,  t o  a l l  f u n c t i o n a l  o rgan iza t ion  
elements and groups implementing t h e  p r o d u c t i v i t y  program. 

To a s s u r e  t h a t  t h e  p roduc t iv i ty  program meets i t s  o b j e c t i v e s  , a s t e e r i n g  
committee w i l l  be  formed composed of s e n i o r  members from each f u n c t i o n a l  
organiza t ion .  The committee w i l l  serve as t h e  "performing func t ion"  b y  which 
each p roduc t iv i ty  improvement in i t ia t ive  w i l l  be  screened and eva lua ted  t o  
determine i t s  t echn ica l  and economic advantages. 

A p r o d u c t i v i t y  d i r e c t o r  w i l l  be  assigned t o  d i r e c t  and manage t h e  p r o d u c t i v i t y  
effor ts  and w i l l  be t h e  product iv i ty  s t e e r i n g  committee chairman. H e  w i l l  be  
t h e  f o c a l  p o i n t  f o r  a l l  submitted improvement i n i t i a t i v e s .  The p r o d u c t i v i t y  
d i r e c t o r  w i l l  r e p o r t  d i r e c t l y  t o  the Vice Pres iden t  P r o j e c t  Manager, Space 
S t a t i o n .  This d i r e c t  a t t e n t i o n  and commitment of t o p  management i s  c r u c i a l  t o  
t h e  achievement of t h e  p roduc t iv i ty  objec t ives .  

2.8.2 Methodology 

All submit ted p roduc t iv i ty  i n i t i a t i v e s  w i l l  be  ca tegor ized  according t o  type  
and whether they involve e i t h e r  design changes, process  changes, material 
changes,  production techniques o r  management system changes. The i n i t i a t i v e s  
w i l l  r ece ive  a q u a l i t a t i v e  bene f i t  s c reen ing  and be  ranked according t o  
p o t e n t i a l  b e n e f i t s  . 
Those improvement i n i t i a t i v e s  with t h e  h i g h e s t  ranking  w i l l  be given an  
in-depth,  q u a n t i t a t i v e  a n a l y s i s  t o  determine t e c h n i c a l  a c c e p t a b i l i t y ,  
p r o d u c i b i l i t y ,  and schedule  f e a s i b i l i t y .  The remaining i n i t i a t i v e s ,  accord ing  
t o  t h e i r  category,  rank and p r i o r i t y  w i l l  a l s o  be screened t o  e s t a b l i s h  
investment r equ i r ed ,  p o t e n t i a l  c o s t  b e n e f i t s  and schedule  f o r  implementation. 
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2.8.3 Implementation - Funct ional  Assignments 

Cr i t ica l  t o  t h e  success of t h e  p r o d u c t i v i t y  program w i l l  b e  t h e  i n t e r a c t i o n s  
and i n t e r r e l a t i o n s h i p  among the  func t iona l  departments and how they  each 
relate t o  t h e  Space S t a t i o n  P ro jec t  o rgan iza t ion .  S p e c i f i c  r e s p o n s i b i l i t i e s  
and a u t h o r i t y  wi th  respect  t o  execut ion  of t h e  p r o d u c t i v i t y  improvement e f f o r t  
w i l l  be ass igned  t o  appropr i a t e  f u n c t i o n a l  elements.  

2.9 OPEEUTIONS 

The Space S t a t i o n  Def in i t i on  and Pre l iminary  Design, WP-01, Operat ions 
Planning (DR-07) document provides  the  Operations Planning f o r  Space S t a t i o n  
support .  The document p re sen t s  t h e  major f e a t u r e s  i n  f i v e  a r e a s  of 
ope ra t ions ,  which a re  addressed i n  d e t a i l  i n  f i v e  appendices:  

Appendix A Prelaunch Operat ions Plan 
Appendix B O r b i t a l  Operat ions Plan 
Appendix C On-Orbit Maintenance 
Appendix D 
Appendix E In t eg ra t ed  Log i s t i c s  Support Plan (Deleted)  

L o g i s t i c s ,  Resupply and Resupply Plan 

The primary document provides a n  in t roduc t ion  t o  ope ra t ions  planning and 
gene ra l  suppor t ing  da ta  f o r  t h e  above appendices.  The fo l lowing  s e c t i o n s  
summarize t h e  b a s i c  document and t h e  f ive appendices (A through E). 

This  document was submitted i n  o r i g i n a l  form on 18 December 1985 and w a s  
c o n s i s t e n t  wi th  the SS conf igu ra t ion  requirements  base l ined  a t  t h a t  t i m e  
Changes t o  t h e  configurat ion and requirements were documented and submit ted t o  
MSFC i n  June 1986. This summary does - n o t  a t tempt  t o  r e v i s e  passages which are 
dependent on t h e  s t a t i o n  conf igu ra t ion .  

2.9.1 PRIMARY DOCUMENT 

2.9.1.1 In t roductorv  Material 

The first s e c t i o n  of t h e  document (DR-07) c o n t a i n  t h e  b a s i c  i n t r o d u c t o r y  
material f o r  a l l  appendices. The items discussed are: 

o Ground R u l e s  and Assumptions 
o Inter / Intra-WP Operat ions . 
o Operations I s s u e s  
o Space S ta t ion  Operations 
o K S C  Operations 
o I n t e r n a t i o n a l  Elements 
o Hazardous Materials Processing 

The d a t a  c o n s i s t s  of system l e v e l  d e f i n i t i o n s ,  d e s c r i p t i o n s ,  and pre l iminary  
o p e r a t i o n a l  i s s u e s  and concerns based on t h e  WP assignments of r e s p o n s i b i l i t y  
a t  t h e  t i m e  of issuance. The i n t e n t  of t h i s  document w a s  t o  s e r v e  as a 
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v e h i c l e  f o r  present ing  ope ra t ions  concepts which would , as- the  Space S t a t i o n  
design and conf igura t ion  matured, evolve i n t o  a t r u e  ope ra t ions  p l an  f o r  
accomplishing the  Space S t a t i o n  mission. 

The scope of  t h e  f i v e  appendices a r e  t o  addres s  t h e  s p e c i f i c  o p e r a t i o n a l  
suppor t  requi red  f o r  those WP-01 r e s p o n s i b i l i t i e s  ass igned  t o  MSFC i n  t h e  
RFP/SOW. Those assignments are summarized i n  Table  2.9-1, and inc lude  
hardware/sof mare elements and subsystems, as w e l l  as system level 
r e s p o n s i b i l i t i e s .  

TABLE 2.9-1 WORK PACKAGE ONE, SUMMARY DEFINITION 

I I 
I o  
I 

I 
I o  
I 
I 

WP-Ol-MSFC 
o SE&I Support  - ECLSS Analysis - L o g i s t i c s  Analysis - OMV/OTV In t e r f ace  Analysis" - Common Module Commonality Analysis  

- Propuls ion Analysis* 
- Reboost Analysis* - Laboratory Analysis - Common Workstation 

Hardware/Sof tware 
o Common Module 
o S t r u c t u r e  
o D i s t r i b u t i o n  fo r :  - DMS* - Power* - ECLSS - Thermal - Communications 

I o ECLS System I 
I o Propuls ion System" I 
I o Laboratory Module O u t f i t t i n g  (1) I 
1 o Log i s t i c s  Module O u t f i t t i n g  ( 2  o r  3) I 

I 
I 

I I 
I * WP-01 r e s p o n s i b i l i t y  reduced o r  d e l e t e d  by  subsequent I 
I NASA d i r e c t i o n .  I 
I 1 

I o OMV/OTV Accommodations 
1 o Applicat ions Software" 
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2.9.2 APPENDIX A, PRELAUNCH OPERATIONS PLAN 
. 

This  appendix def ines  t h e  ope ra t ions  planning concepts  f o r  t he  prelaunch phase 
and recovery/turnaround of Space S t a t i o n  WP-01 element processing.  Process ing  
inc ludes  t h e  rece iv ing ,  test and checkout,  i n t e g r a t i o n ,  and launch of t h e  
i n i t i a l  and fo l low on Space S t a t i o n  UP-01 elements  as  w e l l  as t h e  r e t u r n ,  
refurbishment ,  maintenance, r econf igu ra t ion ,  and relaunch of t h e  c y c l i c a l  
elements. I n  add i t ion ,  t h e  genera l  Space S t a t i o n  ground ope ra t ions  philosophy 
is defined i n  t h i s  appendix. Key ground r u l e s  and assumptions are a l s o  
i d e n t i f i e d .  Documentation necessary f o r  requirements  i d e n t i f i c a t i o n  and 
implementation i s  provided, wi th  p a r t i c u l a r  emphasis on WP-01 elements.  
Standardized launch s i t e  opera t ions  are d iscussed  a long  wi th  prel iminary f l o w s  
and schedules  f o r  i n i t i a l ,  c y c l i c a l ,  and fo l low on Space S t a t i o n  elements.  
This  appendix a l s o  desc r ibes  the  f a c i l i t y  and equipment requirements  and 
implementation approaches , addresses  customer i n t e r f a c e s  and s a f e t y  and 
s e c u r i t y  a s p e c t s  , and provides  planning f o r  some Space S t a t i o n  cont ingencies .  

2.9.3 APPENDIX B, ORBITAL OPERATIONS PLAN 

The Orb i t a l  Operations Plan,  Appendix B, presencs t h e  on-orbit  ope ra t ions  
cohcept /plan f o r  the pre l iminary  Space S t a t i o n  design.  It d e s c r i b e s  t h e  plan 
f o r  ope ra t ing  t h e  on-orbit Space StatJon systems and' t h e  ground suppor t  
systems re la t ive t o  Work Package 0 1  (UP-01) elements. The plan d e s c r i b e s  t h e  
prel iminary concept for managing, planning, monitoring , Control ,  maintenance , 
and t r a i n i n g .  It covers t h e  fol lowing orbital o p e r a t i o n a l  phases: 

a. Space S t a t i o n  Assembly 
b 
C. Growth Operations 
d. Man-Tended Option Operat ions 

I n i t i a l  Operational Capab i l i t y  ( I O C )  

Fmphases are placed on ope ra t iona l  f u n c t i o n s  , i n t e r f a c e s ,  r o l e s ,  
r e s p o n s i b i l i t i e s ,  scenar ios ,  and suppor t  systems. Rela ted  i s s u e s  and concerns 
are discussed as appropr ia te  t o  t h e  Phase B c o n t r a c t  e f f o r t .  The plan a l s o  
d e f i n e s  t h e  r e l a t e d  ground ope ra t ions ,  func t ions ,  i n t e r f a c e s ,  r o l e s ,  
r e s p o n s i b i l i t i e s  , scena r ios ,  a long  wi th  r equ i r ed  suppor t  systems f o r  t h e  Space 
S t a t i o n  assembly opera t ions  and IOC operar ioas  . The pre l iminary  on-orbi t 
Operations concept of WP-01 man-tended opt ion  concept  is descr ibed  as w e l l  as 
t h e  on-orbit  ope ra t ioas  plan f o r  t h e  pre l iminary  growth ve r s ion  of t h e  Space 
Stat lOn.  Candidates f o r  automation and autonomy a p p l i c a t i o n s  t o  Space S t a t i o n  
ope ra t ions  are a l s o  discussed.  Figure 2.9-1 i l l u s t r a t e s  the Space S t a t i o n  
ope ra t ions  suppor t  system a r c h i t e c t u r e  presented  in t h i s  appendix/operat ions 
plan 
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CENTRAL SYSTEXIS 
310Nll’OR S: CONTROL* 

C Y C T F N I  

01.0 5u 

INTERACTIVE 
PLANNING SYSTEAI 

KNOWLEDGE IlASES 
0 MISSIOX I’LANS 
0 SYSTEMS CONFIGURA- 

0 SYSTEMS PERFORMANCE 
0 PROCEDURES 
0 TRAINING 
0 Ih’VEh’ORY 
0 CUSTOMER UNIQUE 

TIONS COMMON SYSTEMS 
CbMONITOR & CONTROL4 

C V C T F M  - 
FLT. CONTROL 

C ~ O N I T O R  CONTROL+ 
C V C T C M  
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SYSTEMS 

0 AIRLOCK 
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INVENTORY MANAGEMENT 
SYSTEM 
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el a rn 

f a 
KNOWLEDGE BASES 

0 MISSION PLANS 
0 SYSTEMS CONFIGURA- 

TIONS 
0 SYSTEMS PERFORMANCE 
0 PROCEDURES 
0 TRAINING 
0 CUSTOMER Uh’IQUE 
0 LOGISTICS DATA 
0 CREW MEDICAL 

-SUPPORT 

’ INTERACTIVE 
SYSTEMS PLANNING SYSTEM 
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0 FLT. CONTROL 
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FIGURE 2.9-1 SPACE STATION OPERATIONS SUPPORT SYSTEMS CONCEPT 
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2 . 9 . 4  APPENDIX C ,  ON-ORBIT MAINTENANCE PLAN 

The On-Orbit Maintenance Plan f o r  WP-01 i s  a Level C program planning 
document. It e s t a b l i s h e s  gu ide l ines  f o r  on-orbi t  maintenance of UP-01 
pre l iminary  design hardware. The plan a l s o  e s t a b l i s h e s  t h e  on-orbit  
maintenance parameters and requirements  necessary  t o  a s s u r e  e f f e c t i v e  planning 
and implementation, i n  order  t o  meet o r  exceed t h e  r equ i r ed  maintenance goa ls  
of t h e  Space S ta t ion .  

This plan addresses  both scheduled and unscheduled maintenance and provides  a 
d e s c r i p t i o n  of t h e  recommended maintenance management d a t a  system. I t  a l s o  
provides genera l  groundrules , assumptions and cr i ter ia  a p p l i c a b l e  t o  
accomplishing on-orbit maintenance. Table 2.9-2 provides  an  overview of t h e  
approach Martin Marietta has  taken i n  t h e  Operat ions Plan (DR-07) .  
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. TABLE 2.9-2 SPACE STATION MAINTENANCE CONCEPT 

~~ 

TYPE OF 
MAINTENANCE FUNCTIONS 

MAINTENANCE 
LEVELS 

WH@ OOES LOCATION 
WHERE MAINTENANCE 

I S  PERFORMEO' PERFORM 

FLIGHT 
CREW 

(OR FLY-IN 
MAINT. 

CREW 
GROWTH/ 

CONTINGENCY 
OPTION) 

-INSPECT 
-LUBRICATE 
-CALIBRATE 
-TIME CHANCE ITEM 
-HOUSEKEEPING 

-FAULT ISOLATE 
(BACKUP) 

-REMOVEIREPLACE ORU 

-CALIBRATE 
-VERIFY AN0 RESET 

PREVENTIVE 

ON-ORBIT ON-LINE 

CORRECTIVE 
ORGANIZATIONAL 

-INSPECT 
-LUBRICATE 

-TIME CHANCE ITEM 
-CALIBRATE 

-CLEAN 

-FAULT ISOLATE 
AEMOVEIREPUCE 

-FUNCTIONAL 

-FAULT OETECT 

ORUl LRU 

REVERIFY AN0 
RECALIBRATE 

-FAULT DIACNOSE 
A E P N R  

CRITICAL ORU 
-VERIFY 
-CALIBRATE 

PREVENTIVE 

ON-LINE MAINT. 
CREW 

FLICHT 
CREW OR 
FLY-IN . 
M I N T  . 

CREW 

CORRECTIVE 

UMITEO 

CORRECTIVE 
ON-ORBIT 

(GROWTH 
OPTION) 

Off-LINE 

-SUBASSEHBLY : 
+FAULT DETECT 
+FAULT ISOLATE 

31W13w Moo. 
INSTALLATION 

-0RUlLRU REPNR 
-CALIBRATE 
-FUNCTIONAL 

-ASSETS 

-FAILURE ANALYSIS 

VERIFICATION 

OISPOSITION 

SUPPORT 
-COMPONENT LEVEL: 

+FAULT DETECT 
+FAULT ISOLATE 

- H w / s w  MOO. 
INSTALLATION 

4RUILRU REPAIR 
-CALIBRATE 
-FUNCTIONAL 

VERIFICATION 
-ASSETS 

OISPOSITION 
-MANUFACTURE 
-0VERHAULIREBUILO 
-FAILURE ANALYSIS 

SUPPORT 

INTERMEOIATE 

OFF-LINE M I N T .  

CREW 

CROUNO CORRt Tl'VF. 

CROUNO CORRECTIVE REPAIR 

PERSONNEL 
DEPOT OFF-LINE 

(GOVI 

CONTRACTOR/ 
VENOOR) 
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2.9.5. APPENDIX D, SPACE STATION LOGISTICS, RESUPPLY AND RECYCLE PLAN 

This  plan is t h e  Space S t a t i o n  Work Package 1 (WP-01) L o g i s t i c s ,  Resupply and 
Recycle Plan now refer red  t o  as the  WP-01 L o g i s t i c s  Support Plan i n  accordance 
wi th  t h e  agreement with M r .  J. Lusk, MSFC L o g i s t i c s  P ro jec t  O f f i c e r .  The 
pre l iminary  i s s u e  of t h i s  document i s  based on the  cu r ren t  gu ide l ines  being 
considered b y  t h e  Space S t a t i o n  I n t e g r a t e d  Log i s t i c s  Support  Working Group. 
Subsequent i s s u e s  w i l l  be prepared t o  specific c o n t r a c t  and a p p l i c a b l e  
document requirements and w i l l  d e t a i l  t h e  Martin Marietta procedures  and 
s p e c i f i c  methods fo r  t he  l o g i s t i c s  suppor t  of WP-01 requirements.  

The primary ob jec t ives  of t h i s  appendix a r e  t o  provide t h e  approach t o  s a t i s f y  
the l o g i s t i c s  requirements of t h e  program, t o  e s t a b l i s h  an  o rde r ly  development 
and i n t e g r a t i o n  of t h e  r equ i r ed  c o n t r a c t o r  l o g i s t i c s  e lements ,  t o  a s s u r e  
comprehensive communication and coord ina t ion  among p a r t i c i p a t i n g  
o rgan iza t ions .  These o b j e c t i v e s  are m e t  through t h e  d i scuss ions  of t h e  
following: 

a. Organiza t iona l  Relat ionships  and R e s p o n s i b i l i t i e s  
b. L o g i s t i c s  Engineering Analysis  
c. L o g i s t i c s  Elements 

The plan relates l o g i s t i c s  a c t i v i t i e s  d i r e c t l y  t o  t h e  c o n t r a c t o r ' s  p re l iminary  
design and t o  rhe  performance of t h a t  design in meeting t h e  Space S t a t i o n ' s  
o p e r a t i o n a l  and mission requirements  and inc lude  t h e  fol luwing:  

a. Descr ip t ion  of l o g i s t i c s  s u p p o r t '  a n a l y s i s  t a s k s ,  methodologies,  and 
outputs .  

b. Methodology f o r  spares provis ioning ,  replenishment and material management 

c. Recommended on-orbit/ground s p a r e s  warehousing philosophy inc luding  
o v e r a l l  f a c i l i t y  requirements. 

d.  Technical documentation,requirements and on-orbi t  u t i l i z a t i o n  concepts .  

2.10 PRODUCT ASSURANCE 

2.10.1 Product Assurance Requirements (DR10) 

Product Assurance Programmatic Requirements are documented i n  JSC 30000 
Sec t ion  9 t i t l e d  "Product Assurance Requirements f o r  t h e  Space Sta ' t ion 
Program". DRlO requested t h a t  i nd iv idua l  Sa fe ty  R e l i a b i l i t y  and Q u a l i t y  
Assurance p l ans  be prepared and submit ted under separate covers  from t h e  
P r o j e c t  Implementation Plan. 
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The Sa fe ty  R e l i a b i l i t y  Qual i ty  Assurance and Software Producr Assurance plans 
(documents SSP-MMC-00037, SSP-MMC-00038, SSP-MMC-00039 and SSP-MMC-00040) were 
prepared i n  accordance wi th  JSC 30000 Sec t ion  9 and were submit ted on 1 June 
1986 per  t h e  D R l O  schedule.  These plans d e s c r i b e  t h e  o rgan iza t ion ,  t a s k  and 
act ivi t ies  and program r e l a t i o n s h i p  t o  be  u t i l i z e d  by Martin Marietta KO 
assure program product assurance  goals  and o b j e c t i v e s  f o r  achiev ing  s a f e  
r e l i a b l e  q u a l i t y  elements of t h e  Space S t a t i o n  are achieved. 

The Safe ty ,  R e l i a b i l i t y ,  QUality Assurance and Software Producr Assurance 
p lans  provide t h e  b a s e l i n e  programs f o r  t hese  d i s c i p l i n e s  and w i l l  be updated 
and submitted as a p a r t  of t h e  Phase C/D proposal .  

2.10.2 Sa fe ty  Analysis ( D u l l  

The Pre l iminary  Sa fe ty  Analysis (PSA) w a s  i n i t i a t e d  and completed i n  response  
t o  Contract  NAS8-36525, in accordance wi th  Data Requirement NO. 11, 
Pre l iminary  Sa fe ty  Analysis.  The PSA w a s  conducted by s a f e t y  o rgan iza t ions  a t  
Martin Marietca Denver Aerospace, Martin Marietta Michoud Aerospace, McDonnell 
Douglas-Huntsville, Hamilton Standard and USBI-BPC-Huntsville. The Martin 
Marietta Denver Sa fe ty  Organization i n t e g r a t e d  t h e  a n a l y s i s  i n p u t s  and 
performed t h e  a n a l y s i s  of WP-01 areas  no t  d i r e c t l y  i n  t h e  scope of t h e  o t h e r  
aforementioned team members. 

The Phase B PSA e f f o r t  a p p l i e s  t o  a l l  Work Package 0 1  elements.  The PSA 
addres ses  a l l  W P O l  element concepts,  GSE, GFP, r e l a t e d  sof tware ,  and 
conceptual  ground. and f l i g h t  opera t ions  inc lud ing  i n t e g r a t i o n ,  a s c e n t  and 
descent ,  assembly, checkout,  opera t ions  and maintenance. The scope o f  t h e  PSA 
w a s  d i r e c t l y  r e l a t e d  t o  t h e  corresponding s t a g e  of WP-01 pre l iminary  des ign  
development a t  t h a t  t i m e .  The then cu r ren t  conf igu ra t ion  w a s  analyzed i n  a 
top-down manner. Energy sources ,  hazardous func t ions  and ope ra t ions  were 
s y s t e m a t i c a l l y  analyzed t o  d e r i v e  a l ist  of i nhe ren t  hazards .  Hazard causes  
were i d e n t i f i e d  based on known subsystem des igns  and ope ra t ing  s c e n a r i o s ,  
l e s s o n s  learned  from previous programs, and r e l a t e d  ana lyses  (e.g., FMEA). 
Each i d e n t i f i e d  hazard and cause(s1 were reviewed a g a i n s t  e x i s t i n g  Space 
S t a t i o n  requirements f o r  a p p l i c a b i l i t y .  If t h e r e  were no a p p l i c a b l e  e x i s t i n g  
requirements or  an e x i s t i n g  requirement d i d  n o t  appear t o  be adequate  KO 

c o n t r o l  t h e  hazard der ived  requirements were generated.  The de r ived  
requirements were based as f i r m l y  as p o s s i b l e  on e x i s t i n g  Space S t a t i o n  
requirements ,  they  were i n t e n t i o n a l l y  worded t o  support  d i r e c t  implementation 
i n t o  the appropr i a t e  CEI spec i f i ca t ion .  If appropr i a t e  requirements  could  n o t  
be i d e n t i f i e d  o r  de r ived ,  o r  if impacts appeared p r o h i b i t i v e ,  t h e  need f o r  
a d d i t i o n a l  s tudy w a s  noted. The hazard  r e p o r t i n g  format w a s  developed 
s p e c i f i c a l l y  f o r  t h e  Prel iminary Safety Analysis e f f o r t ,  it w a s  de r ived  based 
on the a p p l i c a b l e  f e a t u r e s  of other  hazard r e p o r t i n g  formats and DR-11 
guide1 i n e s  . 
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The Prel iminary Safety Analysis e f f o r t  w a s  continued throughout Phase B and 
w i l l  suppor t  t h e  phase C/D s a f e t y  a n a l y s i s  a c t i v i t y  by  e s t a b l i s h i n g  a b a s e l i n e  
of hazards  t h a t  w i l l  be t racked ,  c o n t r o l l e d  and v e r i f i e d .  Sa fe ty  eva lua t ion  
of impacts incur red  by r ecen t  change a c t i v i t y  is  ongoing, a d d i t i o n a l  hazards  
and app l i cab le  con t ro l s  w i l l  cont inue t o  be i d e n t i f i e d  and a s ses sed  as t h e  
program progresses  on through phase C/D. 

2.10.3 F a i l u r e  Modes and E f f e c t s  Analysis (FMEA) (DR12) 

Two submissions of DR-12 pre l iminary  FMEA have been made as r equ i r ed .  The 
first submission was on 11 December 1985 and included ana lyses  of the  
Propulsion Subsystem, Thermal Control Subsystem, and t h e  Power D i s t r i b u t i o n  
Subsystem. Each FMEA c o n s i s t s  of :  subsystem func t iona l  d e s c r i p t i o n ,  
assumptions and groundrules , subsystem block diagram, t h e  FMEA worksheets and 
a summary. 

The second submission of DR-12 w a s  on 30 June 1986 and inc luded  ana lyses  of 
t h e  Common Module s t r u c t u r e  performed by Martin Marietta Michoud Aerospace, 
t h e  M T L  O u t f i t t i n g  performed by McDonnell Douglas-Huntsville, and t h e  ECLSS 
performed by H a m i l  ton Standard. 

The pre l iminary  FMEA's have i d e n t i f i e d  a number of c r i t i ca l  items. So lu t ions  
are a v a i l a b l e  f o r  those items where t h e  des ign  has  been f i n a l i z e d .  For those  
items i n  areas where t h e  des ign  is  s t i l l  f l u i d ,  t h e  cri t ical  items w i l l  be 
t racked  and cont ro l led .  

2.11 Metr ica t ion  

I n  accordance wi th  t h e  requirements  of paragraph 3.8.6 of t h e  Statement of 
Work, w e  have s tudied  t h e  impact o f  u t i l i z i n g  t h e  I n t e r n a t i o n a l  System (S I )  of 
u n i t s  i n  t h e  design, development, manufacture,  t e s t  and ope ra t ions  of t h e  
Space S t a t i o n  program elements f o r  which t h e  MSFC w i l l  be  respons ib le .  

The key ques t ion  i n  t h e  conduct of  the s tudy  was what level of me t r i ca t ion  i s  
r e a l l y  implied when applying SI u n i t s  t o  t he  Space S t a t i o n  program. Does t h i s  
a p p l i c a t i o n  i n f e r  complete o r  ha rd  me t r i ca t ion  a c r o s s  t h e  e n t i r e  program? 
Does it i n f e r  so f t  m e n i c a t i o n  only?  O r  does i t  i n f e r  partial me t r i ca t ion ,  
wherein documentation uses  t h e  I n t e r n a t i o n a l  System of u n i t s  and only  hardware 
elements t h a t  are the results o f  new designs are metric, b u t  use of commercial 
and/or  off-the-shelf hardware taken "as is" are g e n e r a l l y  recognized as 
non-metr i c  7 

Our a n a l y s i s  considered t h e  overall  range of o p t i o n s  implied above from 
no-to-soft-to-hard met r ica t ion  and a n  impact assessment w a s  developed f o r  each. 

Our a n a l y s i s  has  ind ica ted  t h a t  t o  use  on ly  Engl ish u n i t s  f o r  t h e  U.S. Space 
S t a t i o n  elements use would have t h e  least  impact on us  i n  terms of c o s t  and 
schedule  s i n c e  it would a f f o r d  us  t h e  oppor tuni ty  KO ope ra t e  and perform i n  a 
s t a t u s  quo s i t u a t i a n .  But t h i s  op t ion  would have a de t r imen ta l  impact on t h e  
i n t e r f a c e  area due to the  planned, a c t i v e  p a r t i c i p a t i o n  of ou r  i n t e r n a t i o n a l  
p a r t n e r s  and t h e  metric hardware provided by them. 
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The adopt ion of a f u l l ,  or hard metr ic  program, would'have t h e  most impact i n  
terms of both c o s t  and schedule.  This would be ' f e l t  most s t r o n g l y  i n  t h e  . 
areas of the  non-ava i lab i l i ty  of metric p a r t s  or t h e  O&M problems a s soc ia t ed  
wi th  having a hybrid system - t h e  n a t u r a l  r e s u l t  of n e i t h e r  being a b l e  t o  
a f fo rd  t h e  c o s t  nor  t he  schedule  delay a s s o c i a t e d  wi th  provjd ing  an a l l  metric 
p a r t  a v a i l a b i l i t y .  

Use, o f ,  and adopt ion o f ,  a s o f t  metric program - wherein documentation is  a l l  
i n  SI as w e l l  as Engl ish,  bu t  no attempt is  made t o  convert  t h e  hardware t o  
metric - appears  t o  be an approach t h a t  w i l l  overcome t h e  i n t e r f a c e  problems 
with our S I  i n t e r n a t i o n a l  pa r tne r s  and do s o  without  i n c u r r i n g  t h e  s i g n i f i c a n t  
COSK and schedule  p e n a l t i e s  assoc ia ted  wi th  t h e  ha rd  metric approach. 

While t h e r e  would be a small c o s t  a s soc ia t ed  wi th  t h e  adopt ion o f  a s o f t  
metric program - i.e., i n  t h e  conversion of e x i s t i n g  docurnentation and i n  t h e  
t r a i n i n g  of our personnel  t o  understand, t o  use ,  t o  t h i n k  and t o  be 
comfortable i n  metric - we f e e l  t h a t  i f  NASA made t h e  dec i s ion  t o  adopt  a s o f t  
metric approach as a requirement f o r  Phase C/D, then w e ,  as c o n t r a c t o r s ,  would 
s tar t  our  documentation t r a n s i t i o n  and our  t r a i n i n g  immediately,  rhus  
minimizing any COSK impact r e s u l t i n g  from t h i s  dec i s ion .  With a de fe r r ed  
dec i s ion  - i .e.,  u n t i l  t h e  Phase C / D  RFP - a more s i g n i f i c a n t  c o s t  would 
probably r e s u l t .  

As a r e s u l t ,  w e  recommend t h a t  a s o f t  metric program - i .e.,  t h e  u s e  of dual  
dimensioning i n  SI and Engl ish u n i t s  - be adopted and imposed on Space 
S t a t i o n .  Fu r the r ,  w e  recommend t h i s  requirement be imposed on a l l  program 
p a r t i c i p a n t s  as soon as poss ib l e  t o  pe rmi t  accompljshment of t h e  d u a l  
dimensioning a c t i v i t i e s  with minimal c o s t .  
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3.0 HARIMARE ELEMENT STUDY RESULTS 

The fo l lowing  s e c t i o n s  summarize our recommended WP-01 hardware/software 
conf igu ra t ions  e s t a b l i s h e d  as a r e s u l t  o f  ou r  Phase B c o n t r a c t  e f f o r t s .  See 
Volume I1 of t h i s  document f o r  a d d i t i o n a l  concept d e t a i l s ,  r a t i o n a l e  and 
hardware desc r ip t ions .  

3.1 CORE MODULE 

The Core Module (CM) i s  a h a b i t a b l e  volume equipped t o  supply a l i f e  
s u s t a i n i n g  environment and u t i l i t y  services needed by a l l  SS pres su r i zed  
module elements.  I n  order  t o  c o s t  e f f e c t i v e l y  opt imize commonality a c r o s s  a l l  
t h r e e  SS module elements (HSO, USL, LM) and minimize manufacturing type  
ope ra t ions  r equ i r ed  of o u t f i t t e r s ,  and s a t i s f y  o u t f i t t i n g  requirements ,  t h r e e  
t a i l o r e d  CM conf igura t ions  have been def ined.  These t h r e e  conf igu ra t ions ,  
when proper ly  o u t f i t t e d ,  w i l l  serve as a H a b i t a d s t a t i o n  Operation Module 
(HSOM), a United S t a t e s  Laboratory (USL), o r  a L o g i s t i c s  Module (LM). h c h  
h a s  unique f e a t u r e s ,  which are der ived from s tandard  des ign  opt ions  s e l e c t e d  
by t h e  o u t f i t t e r s ,  K O  meet t h e  requirements of t h e  r e s p e c t i v e  end uses .  I n  
a d d i t i o n ,  t h e  LM i s  uniquely configured f o r  i ts r o l e  as a r e supp ly  con ta ine r .  

A high  degree of commonality has been employed among the  t h r e e  conf igu ra t ions ,  
both i n  s t r u c t u r a l  components and i n  t h e  subsystem i n s t a l l a t i o n s .  The 
e x t e r n a l  envelopes of- t he  HSO and E L  modules are i d e n t i c a l .  The t a i l o r e d  CM 
conf igura t ion  f o r  LM o u t f i t t i n g  c o n s i s t s  of common p o r t i o n s  of s t r u c t u r e  used 
t o  form a s h o r t e r ,  p ressur ized ,  h a b i t a b l e  s e c t i o n  of t h e  LM. Some primary and 
secondary s t r u c t u r e  and po r t ions  of t h e  subsystem i n s t a l l a t i o n s  are  uniquely 
configured or  der ived  from common p a r t s  t o  s u i t  t he  d i f f e r e n t  s i z e  and u s e  of 
t h e  LM. The CM conf igu ra t ions  as def ined  h e r e i n  are subsequent ly  o u t f i t t e d  
wi th  a d d i t i o n a l  unique equipment, including t h e  i n s t a l l a t i o n s  of CM subsystems 
ship- loose items. It is  a goal  of t h e  CM b u i l d  phase t h a t  no major rework 
such as d r i l l i n g ,  welding, o r  s t r u c t u r e  subsystem modif ica t ion ,  w i l l  be  
r equ i r ed  by  t h e  o u t f i t t e r  i n  t h e  o u t f i t t i n g  phase of module product ion.  

3.1.1 Subsvstems 

The CM i s  comprised of t h e  following subsystems: Structures/Mechanisms, 
Electr ical  Power, Data Management, Communications, Environmental Control and 
L i f e  Support ,  Thermal Control ,  Crew Systems, and Software.  These subsystems 
are d i s t r i b u t e d  throughout t he  Space S t a t i o n  as shown i n  Figure 3.1.1-1. 

3.1.1.1 Structures/Mechanisms 

The Structures/Mechanisms subsystem provides  the  s t r u c t u r e  of t h e  core  
modules, nodes and tunnels  which, i n  t u r n ,  provide a volume f o r  h a b i t a t i o n .  
This  volume g ives  p ro tec t ion  from t h e  environments of t h e  Space S t a t i o n  . 
launch,  b u i l d  and ope ra t iona l  phases. The volume w i l l  be pressur ized  and w i l l  
provide s t r u c t u r a l  i n t e r f a c e s  f o r  o u t f i t t i n g  equipment. Berthing mechanisms 
w i l l  a l low t h e  pressurized elements t o  be connected i n  a r econf igu rah le  
p a t t e r n .  Hatch mechanisms w i l l  provide e n t r y ,  e x i t  and i s o l a t i o n  of t h e  
p re s su r i zed  elements. 
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3.1.1.2 E l e c t r i c a l  Power 

The Electrical  Power subsystem accepts  i npu t  u t i l i t y  power from t h e  Space 
S t a t i o n  s o l a r  a r r a y s  and feeds i n t o  a t ransformer  t o  s t e p  t h e  inpu t  vo l t age  
down t o  a d i s t r i b u t i o n  vol tage .  The subsystem provides  d i s t r i b u t i o n  of 
electrical  power wi th in  t h e  core  elements. D i s t r i b u t i o n  of  e lec t r ica l  power 
is a l s o  provided f o r  t h e  nodes and runnels .  Electrical power is a v a i l a b l e  a t  
a l l  of t h e  be r th ing  mechanisms of the nodes f o r  u s e  by a t t ached  payloads. 

3.1.1.3 Data Management 

T5e Data Management subsystem (DMS) inc ludes  cab l ing ,  e l e c t r o n i c  hardware and 
sof tware used t o  d i s t r i b u t e  d a t a  wi th in  t h e  pressur ized  elements.  S igna l  
processing,  mul t ip lex ing ,  d a t a  processing,  and cau t ion  and warning func t ions  
are accomplished by the  DMS. The man-machine i n t e r f a c e  of t h e  DMS i s  t h e  
mult i -purpose a p p l i c a t i o n  consoles  (MPACs) which are loca ted  i n  t h e  HSO and 
USL module elements. The DMS w i l l  i n t e r f a c e  wi th  the  Space S t a t i o n  g loba l  DMS 
i n  o rde r  t o  communicate wi th in  t h e  elements and wi th  e x t e r n a l  systems. 

3.1.1.4 Communications 

The Communications subsystem allows e s t a b l i s h i n g  and main ta in ing  audio and 
video con tac t  wi th in  the Pressurized elements.  P r i v a t e  and secu re ,  as w e l l  as 
conference communication w i l l  be  poss ib le .  I n t e r f a c e s  w i l l  be provided f o r  
communications wi th  e x t e r n a l  systems. Voice recogni t ion  and s y n t h e s i s  w i l l  be  
provided. Recording and playback c a p a b i l i t i e s  w i l l  be' provided f o r  both audio 
and video s i g n a l s .  

3.1.1.5 ECLSS 

The Envfronmental Control 
h a b i t a b l e  volume of the  
suppor t ing  and maintaining 
func t iona l  subsystems : 1) 

a n d  Life Support subsystem (ECLSS) provides  t%e 
Space S t a t i o n  with an environment capable  of 
human l i f e .  ECLSS is  comprised of t h e  fo l lowing  

Temperature and Humidity Control ;  2)  Atmosphere 
Control and Supply; 3) Atmosphere R e v i t a l i z a t i o n ;  4) F i r e  Detect ion and 
Suppresion; 5 )  Water Recovery and Management; 6 )  Waste Management; and 7) EVA 
Support. The Space S t a t i o n  crew w i l l  be provided a l l  a spec t s  of a s a f e  and 
suppor t ive  atmosphere and environment by the  ECLSS. 

3.1.1.6 Thermal Control 

The Thermal Control subsystem (TCS) w i l l  provide f o r  t h e  t r a n s f e r  and 
r e j e c t i o n  of thermal loads  from t h e  pressur ized  elements of t he  Space 
S t a t i o n .  Payloads a t t ached  t o  t h e  nodes w i l l  be thermally supported by TCS. 
The r e f r i g e r a t o r / f r e e z e r  func t ion  of Space S t a t i o n  w i l l  be supported by TCS 
Both a c t i v e  and pass ive  means of thermal con t ro l  a r e  used by TCS. 
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The geometry of the s t andof f  s t r u c t u r e ,  Figure 3.1.2-1, provides  e x c e l l e n t  
f l e x i b i l i t y  f o r  a l l  O u t f i t t i n g  requirements and is removable i n  s e c t i o n s .  The 

maintaining e f f i c i e n t  usage of t h e  remainder of t h e  CM volume f o r  equipment 
and u t i l i t i e s .  

I aisle 'widths of  2134 ann (84.0 i n )  faci l i ta te  t r a f f i c  flow whi le  s t i l l  

~ 

3.1.1.7 C ew Systems - 
Aids w i l l  be provided by Crew Systoms f o r  crew mobi l i t y  and r e s t r a i n t .  There 
w i l l  be crew mobilicy a i d s  and crew r e s t r a i n t s  for u s e  i n  both in t r a -veh icu la r  
and extra-vehicular  t a sks .  Devices K O  con ta in ,  r e s t r a i n  or move Space S t a t i o n  
hardware or  resupply i tems w i l l  be  provided by C r e w  Systems. Trash c o l l e c t i o n  
equipment, stowage provis ions ,  i n - f l i g h t  maintenance, t o o l s  and equipment f o r  
both I V A  and EVA, and por tab le  f i r e  ex t ingu i she r s  are a l s o  provided by crew 
systems. 

3.1.1.8 Software 

WP-01 sof tware  a r c h i t e c t u r e  requirements involve  a d i s t r i b u t e d  sof tware  system 
which a l lows  a module or  subsystem K O '  ope ra t e  autonomously f o r  m O S t  
opera t ions  . The d i s t r i b u t e d  Space S t a t i o n  onboard so f tware  func t ions  are  
p a r t i t i o n e d  t o  th ree  ope ra t ion  levels  wi th in  t h e  Space S ta t ion .  The Network 
Software and Subsystem/User Man/Machine I n t e r f a c e  i s  common sof  mare a t  each 
of t h e  t h r e e  levels. The ope ra t ing  systems data base  management systems may 
a l s o  b e  common. The common sof tware  is t h e  same set of code o p e r a t i n g  i n  
several processors .  The Man/Machine I n t e r f a c e  v i a  t h e  work s t a t i o n  is 
a v a i l a b l e  a t  each l eve l .  Access t o  each level is through t h e  Multi-Purpose 
Access Console (MPAC) which is a v a i l a b l e  i n  each module as a f i x e d  or por t ab le  
s t a t i o n .  

3.1.2 I n t e r n a l  Configuration - Four symmetrically spaced graphi te /epoxy 
composite s t a n d o f f .  assemblies  provide SUbStrUCtUre mounting f o r  equipment 
r acks  and f o r  supporting t h e  i n t e r n a l l y  mounted c a b l e  t r a y s  and U t i l i t y  
ducts .  Symmetrical spacing f o r  t h e  s t a n d o f f s  w a s  s e l e c t e d  t o  accommodate the  
maximum number of  s tandard  racks .  Each s tandoff  accommodates t h e  c u r r e n t l y  
def ined subsystem U t i l i t y  requirements while providing good access t o  the  
p re s su re  w a l l  and the u t i l i t i e s  themselves.  

A l l  equipment, subsystem provis ioning  o r  o u t f i t t i n g ,  i s  mounted t o  s t anda rd  
a t t a c h  f i t t i n g s  loca t ed  along t h e  standof f s t r u c t u r e .  I n s t a l l e d  equipment mY 
be hinged a t  t h e  a t t a c h  f i t t i n g s  t o  allow easy  access t o  t h e  p re s su re  w a l l ,  
s t andof f  and u t i l i t i e s  f o r  maintenance and repair. U t i l i t y  i n t e r f a c e  p l a t e s  
are loca ted  a t  1067 mm (42 in . )  c e n t e r s  a long  each s t andof f .  

The CM equipment racks,  shown i n  Figure 3.1.2-2 are designed K O  accommodate 
a l l  subsystem provis ioning and u s e r  o u t f i  t t i n g  a p p l i c a t i o n .  The r a c k s  are  
configured as e i t h e r  s i n g l e  or double width s r r u c t u r e s .  The CM w i l l  be 
provisioned t o  accommodate s i n g l e  o r  double r acks  a t  s t anda rd  mechanical 
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i n t e r f a c e s ,  spaced a t  1066.8 mm (42  i nch )  p i t c h  a long  the  l eng th  of t h e  
module. The CM can accommodate 22 s i n g l e  o r  11 double r acks  i n  each of four  
bay rows ( l e f t  and r i g h t  w a l l s ,  f l o o r  and c e i l i n g ) .  

The r a c k s  are mounted t o  t h e  module s t r u c t u r e s  with a s t a t i c a l l y  
indeterminate-four-point kinematic  attachment t o  prevent module s t r u c t u r a l  and 
thermal d i s t o r t i o n s  being induced i n t o  t h e  rack  s t r u c t u r e s .  The rack  or 
pal le t  is removed from t h e  module by first r e l e a s i n g  t h e  l a t c h e s  on t h e  r a c k  
and a l lowing  t h e  rack  t o  r o t a t e  75O i n t o  t h e  a is le  o f  t h e  module. The 
e lec t r ica l ,  f i b e r  o p t i c s ,  f l u i d s  and/or  vacuum are then manually 
disconnected. The rack  i s  l i f t e d  from t h e  two h inges  a t  t h e  bottom al lowing 
i t  t o  b e  removed. 

The rack  S t r u c t u r e s  c o n s i s t s  of a b a s i c  s t r u c t u r a l  framework enhanced by 
removable top ,  bottom, s i d e  and rear panels .  The panels  are  n o n s t r u c t u r a l  and 
provide subsystem containment,  environment p r o t e c t i o n ,  and f i r e  suppression 
d e l t a  pressure .  The panels ,  a long  wi th  t h e  o u t f i t t e r  suppl ied  f r o n t  panel ,  
c o n s t i t u t e  t h e  rack  envelope. 

3.2 U.S. LABORATORY 

3.2.1 Mission Descr ip t ion  

The U. S. Laboratory (USL) is a m u l t i d i s c i p l i n e  f a c i l i t y  f o r  payload 
accommodation w i t h i n  a pressur ized  h a b i t a b l e  volume. P r i n c i p a l  d i s c i p l i n e s  t o  
be accommodated inc lude ,  bu t  are  not  l i m i t e d  t o ,  t h e  following: 

a. Materials r e sea rch  and development most s e n s i t i v e  t o  a c c e l e r a t i o n .  

b. Research i n  b a s i c  sc ience  r equ i r ing  long  du ra t ion  'of  extremely low 
a c c e l e r a t i o n  levels. 

C.  L i f e  Sciences r e sea rch  r e l a t i n g  t o  b e n e f i t s  of and adap ta t ion  t o  long  
du ra t ion  exposure t o  extremely l o w  a c c e l e r a t i o n  l e v e l s .  

d. Control and monitoring o f  user-at tached p res su r i zed  modules (payloads 1 and 
s e l e c t e d  e x t e r n a l  a t tached  payloads. 

The micro-gravity requirement o f  10'5g f o r  payload ope ra t ions  w i l l  enhance 
m a t e r i a l s  processes  and al low for  t h e  advancement o f  knowledge and the 
development of process con t ro l s .  The USL w i l l  a l s o  accommodate t h e  sca l e -up  
t o  p i l o t  p l a n t  opera t ions  and t h e  opera t ion  of pre-production and commercial 
f a c i l i t i e s  i n  space.  

The USL w i l l  have a h igh  degree of commonality and i n t e r a c t i o n  with t h e  o t h e r  
Space S t a t i o n  elements. Unique USL o u t f i t t i n g  w i l l  a l low f o r  provis ions  
mount works ta t ions  and equipment using rack and non-rack i n s t a l l a r i o n s .  It 
w i l l  be o u t f i t t e d  and checked out on-ground t o  t b e  maximum e x t e n t  p r a c t i c a l  
wi th  t h e  p o s s i b i l i t y  of rack o u t f i t r i n g  and payload conf igu ra t ion  t ak ing  p lace  
on-orbi t  because of launch weight l i m i t a t i o n s  
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Assuming a manned Space S t a t i o n ,  on-orbit  USL operacions w i l l  be performed by 
ass igned  USL crewmembers wi th  pe r iod ic  augmentation from o the r  Space S t a t i o n  
personnel.  Resupply of USL equipment and s u p p l i e s  w i l l  be accomplished by  
pe r iod ic  Log i s t i c s  Module changeout. 

3.2.2 US L Con f i gura c i on Ov e r v i  e w  

The USL w i l l  be  a Space S t a t i o n  module dedica ted  t o  ope ra t ion  as a 
l abora to ry .  I n  addi t ion  t o  t h e  s tandard  subsystem racks  (such as ECLSS and 
t h e  MPAC) t h e  IOC USL combined l a b  conf igu ra t ion  w i l l  inc lude  a number of 
Space S t a t i o n  support  r acks ,  such as a t t ached  payload c o n t r o l  and 
communication and tracking. A t o t a l  of 29 double rack  spaces  (out  of 4 4 )  will .  
be a v a i l a b l e  f o r  labora tory  service subsystems, l a b o r a t o r y  suppor t  equipment, 
and use r  f a c i l i t i e s .  

The USL structures/mechanisms subsystem w i l l  i nc lude  t h e  p re s su re  s h e l l ,  
ha tches ,  s tandoff  s t r u c t u r e s ,  r acks ,  rack  i n t e g r a t i o n  hardware, works ta t ion  
desk i n s e r t s  ( including t h e  glovebox) and unique suppor t  s t r u c t u r e s  f o r  USL 
equipment which w i l l  not  f i t  i n  a s tandard  rack.  

3.2.2.1 USL S t ruc tu res  and Mechanisms 

The base l ined  Core Module design is def ined  i n  Sec t ion  3.1 of t h i s  document. 
Rack s t r u c t u r e s  ( s ing le  and/or  double)  can be i n t e g r a t e d  i n t o  t h e  module 
f l o o r ,  c e i l i n g ,  or s i d e s .  The USL w i l l  be o u t f i t t e d  such t h a t  payload 
faci l i t ies ,  suppor t ,  and c h a r a c t e r i z a t i o n  equipment w i l l  be mounted a long  t h e  
s i d e s  of t h e  module. These side-wall  r a c k s  are r e f e r r e d  t o  as prime r acks .  
The f l o o r  racks  w i l l  p r imar i ly  house subsystem equipment while  c e i l i n g  r acks  
w i l l  be  used t o  s t o w  equipment such as loose  t o o l s ,  spares, microscopes,  em.  
i n  conta iners .  Limited power and coo l ing  w i l l  be a v a i l a b l e  f o r  c e i l i n g  rack  
equipment. Refer t o  MMC DR-02 Core Module Data Book f o r  s p e c i f i c  Information 
on t h e  Core Module USL conf igura t ion .  Figure 3.2-1 is  a r ep resen ta t ion  o f  a n  
o u t f i t t e d  USL. 

Four func t ions  have been i d e n t i f i e d  f o r  t h e  USL racks: exchangeable payload 
carriers, modular, e a s i l y  a c c e s s i b l e  subsystem packages, stowage f ac i l i t i e s ,  
and works ta t ions .  To f u l f i l l  a l l  of t h e s e  r o l e s  e f f e c t i v e l y ,  t h e  USL racks  
must: 

a. Provide equipment wi th  s t r u c t u r a l  suppor t  du r ing  launch and l and ing  as 
w e l l  as r e s t r a i n r  and confinement on-orbit .  

b. A l l o w  access t o  rack-mounted equipment wi thout  removal of rack  s t r u c t u r e  
or disconnect ion of  u t i l i t i e s .  

c. Provide a dedicated payload volume, clear of primary s t r u c t u r e ,  wi th  
s tandard ized ,  dedicated mounting i n t e r f a c e s .  The f r o n t  panel mounting 
i n t e r f a c e  should conform t o  EIA Standard RS-310-C. 
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d. Provide a dedicated volume for subsystem equipment and u t i l i t y  
d i s t r i b u t i o n ,  wi th  dedicated mounting i n t e r f a c e s ,  t o  s i m p l i f y  rack i n t e g r a t i o n  
and r econf igu ra t ion .  

e. B e  completely interchangeable  and r econf igu rab le ;  any rack  should f i t  i n  
any l o c a t i o n  wi th in  the  USL and suppor t  any of  the  func t ions  l i s t e d  above. 
Also, some r acks  must b e  in te rchangeable  wi th  i n t e r n a t i o n a l  module racks .  

3.2.2.2 Electrical Power Subsystem 

The USL electr ical  power is  suppl ied  by t h e  co re  module subsysrem and is 
t a i l o r e d  wi th in  the USL. Unique USL EPDS o u t f i t t i n g  accomnodations i n c l u d e  
rack level power d i s t r i b u t i o n ,  p r o t e c t i o n ,  monitor ing and c o n t r o l  func t ions  
through a Rack Power Control Unit (RPCU). This  device  is designed t o  be 
i n t e g r a t e d  inKO a s tandard  l o c a t i o n  i n  t h e  rack  lower u r i l i r y  volume and 
provide t h e  necessary branching, swi tch ing  and c i r c u i t  p ro t ec t ion  f o r  
subsystem and u s e r  equipment. This device  may be  configured f o r  s tandard  rack 
power ( t h r e e  1 kW outputs o r  one 3 kW output  from e i t h e r  bus A or  B )  o r  may be  
configured f o r  high power a p p l i c a t i o n s  (two 6 kW ou tpu t s  o r  two 1 5  kW outpurs  
from e i t h e r  bus A or B). By l o c a t i n g  t h i s  branching func t ion  wi th in  t h e  r ack ,  
t h e  rack  power i n t e r f a c e  complexity t o  t h e  s tandoff  i n t e r f a c e  p l a t e  is g r e a t l y  
reduced 

3.2.2.3 Data Management 

The USL Data Management Subsystem (DMS) i s  provided p r i n c i p a l l y  by t h e  common 
core  and is cha rac t e r i zed  by a d i s t r i b u t e d  a r c h i t e c t u r e  which in te r fac .es  with 
t h e  subsystems and users through a Local Area Network (LAN). Unique USL DMS 
provis ions  inc lude  a Customer F a c i l i t y  Support Processor  (CFSP) which 
i n t e r f a c e s  wi th  the  b a s i c  LAN and acts as a payload ope ra t ions  execut ive  by 
providing payload scheduling and resource c o n f l i c t  r e s o l u t i o n  func t ions .  A 
l a b o r a t o r y  suppor t  processor provides gene ra l  computational s e r v i c e s  such as 
d a t a  reduct ion  and da ta  base management func t ions  t o  the  users .  Within t h e  
USL subsystem and u s e r  r acks  a Local Con t ro l l e r  (LC) performs d a t a  
mult iplexing funct ions which combine mul t ip l e  u s e r  d a t a  streams i n t o  a s i n g l e  
serial data stream t o  s impl i fy  t h e  i n t e r f a c e  wi th  t h e  module IAN. The Local 
Con t ro l l e r  provides  s tandard  RS 232, IEEE 488, A/D, D/A, and d i s c r e t e  i npu t  
and output  f o r  u s e r  and subsystem d a t a  support .  

The unique USL subsystems (PMMS and Vacuum v e n t )  i nc lude  subsystem processors  
which are common t o  similar processors  located i n  o t h e r  Space S t a t i o n  
subsystems. These processors  h o s t  t h e  a c t i v a t i o n ,  d e a c t i v a t i o n ,  c o n t r o l ,  and 
f a i l u r e  d e t e c t i o n  sof tware  r equ i r ed  t o  ope ra t e  t h e  system i n  t h e  DMS 
d i s t r i b u t e d  processing environment. 

3.2.2.4 Communications 

The USL Communications and Tracking (C&T) system i s  provided by c o r e  module 
subsystems. 
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The ECLSS provides  mainly an i n d i r e c t  support  func t ion  t o  l a b o r a t o r y  
ope ra t ions  through the  c o n t r o l  of the working environment f o r  t he  crew. Three 
func t ions ,  however, c o n s t i t u t e  a d i r e c t  f u n c t i o n a l  i n t e r f a c e  t o  Laborarory 
Operations.  These are: 

a.  
b. 
c. 

Avionics a i r  cool ing  of rack  mounted subsystems and u s e r  equipment 
Laboratory water makeup from the potab le  water system 
Nitrogen and oxygen supply f o r  user process  suppor t  

Items b. and c. are discussed i n  the Process  Materials Management Subsystem 
overview of Sec t ion  3.2.2.10. 

3.2.2.6 Thermal Control  

The USL Thermal Control System (TCS) provides  waste h e a t  a c q u i s i t i o n  from 
subsystem and experiment equipment through cold p l a t e s  and h e a t  exchangers;  
waste h e a t  r e j e c t i o n  through c e n t r a l  space s t a t i o n  r a d i a t o r s  and low 
temperature  body mounted r a d i a t o r s ;  and pass ive  thermal c o n t r o l  of t h e  USL 
module by mul t i l aye r  i n s u l a t i o n  (MLI) and thermal coa t ings .  

3.2.2.7 C r e w  Systems 

C r e w  equipment uniquely provided for  t h e  USL inc ludes  an  emergency shower and 
handwash c a p a b i l i t y .  The emergency shower and handwash are i d e n t i c a l  t o  the  
s tandard  u n i t s  l o c a t e d  i n  t h e  Habi ta t ion Module wi th  s p e c i a l  p rov i s ions  t o  
seg rega te  p o t e n t i a l l y  contaminated waste water from t he  ECLSS potable  and 
hygiene water sys  tems . 
3.2.2.8 Software 

The USL a p p l i c a t i o n s  sof tware  w i l l  opera te  i n  t h e  USL DMS hardware descr ibed  
i n  Sec t ion  3.2.2.3 of t h i s  document. The USL unique sof tware  w i l l  i n t e r f a c e  
wi th  t h e  Core Module sof tware  described i n  Sect ion 3.1 t o  access common 
sof tware  func t ions  provided by t h e  Core Module sof tware.  

The USL unique sof tware  app l i ca t ions  r e s i d e  i n  t h e  customer f a c i l i t y  suppor t  
p rocessor ,  l a b o r a t o r y  support  processor ,  l o c a l  c o n t r o l l e r s ,  and USL unique 
subsystem c o n t r o l l e r s .  These a p p l i c a t i o n s  w i l l  be designed i n  accordance wi th  
t h e  hardware a r c h i t e c t u r e  of these  common c o n t r o l l e r s  and w i l l  i n t e r f a c e  wi th  
t h e  s tandard  ope ra t ing  system and Space S t a t i o n  Operat ions Management Sys tem 
(OMS). Development of t he  USL unique a p p l i c a t i o n s  w i l l  fol low t h e  gu ide l ines  
f o r  des ign ,  code, v a l i d a t i o n ,  conf igura t ion  c o n t r o l  and language s tandards  
def ined  i n  t h e  sof tware  development t es t  and v e r i f i c a t i o n  plan.  
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3.2.2.9 Vacuum Vent 

The func t ion  of the  USL experiment Vacuum Vent System is t o  maintain a h i g h  
q u a l i t y  vacuum resource f o r  t he  USL user community. A low r a t e / h i g h  vacuum 
approach has  been taken which provides a 1 ~ 1 0 ' ~  Torr vacuum KO USL u s e r s  a t  
a pumping rate of 0.03 scc /sec  per  rack bank. The vacuum resource  is  provided 
by 6-inch l i n e s  which service each p r ime  rack bank. The use r  i n t e r f a c e  i s  
through 2-inch l i n e s  which are a v a i l a b l e  on 42-inch c e n t e r s .  The low pumping 
rate of t h i s  system resul ts  i n  a minimal impact on t h e  e x t e r n a l  contamination 
environment and a l l o w s  a t o t a l l y  pas s ive  design.  Experiment chamber purge and 
waste dump funct ions a r e  t h e  r e s p o n s i b i l i t y  of t he  USL Process  Macerial 
Management System and a r e  descr ibed  i n  Sec t ion  3.2.2.10. 

3.2.2.10 Process  Mater ia l  Mananement Subsystem 

The Process  Material Management Subsystem (PMMS) w a s  formed by combining t h e  
former process  f l u i d  subsystem wi th  t h e  process  waste management subsystem. 
The PMMS i s , .  the re fo re ,  r e spons ib l e  f o r  two major USL services. First, i t  
provides  s to rage  and d i s t r i b u t i o n  of USL process  f l u i d s .  Second, i t  must 
provide safe handling. removal, s t o r a g e ,  and d i s p o s i t i o n  of USL payload waste 
by-products. Figure 3.2-2 g ives  an overview of t h e  subsystem func t ions .  

3.2.2.10..1 Process  Fluids  Supply - The PMMS is  r e s p o n s i b l e  f o r  t h e  s to rage  
and d i s t r i b u t i o n  of specific consumable gases  and l i q u i d s  used by USL 
faci l i t ies  and l abora to ry  suppor t  equipment. The l i q u i d  phase process  f l u i d s  
are handled i n  a closed l o o p  l i n k e d  t o  t h e  waste handl ing  system f o r  
appropr i a t e  processing and poss ib l e  d i spensa t ion  t o  t h e  s t a t i o n  i n t e g r a t e d  
F lu id  Management System (FMS). The gas phase process  f l u i d s  are p a r t  of  an 
open loop which i n t e r f a c e s  with both t h e  USL waste hand l ing  system and s t a t i o n  
FMS. In e i t h e r  case, most waste gases  are s to red  f o r  15  days then vented 
overboard du r ing  s t a t i o n  n a - o p e r a t i o n a l  per iods.  These waste handl ing  
func t ions  w i l l  be discussed i n  Sec t ion  3.2.2.10.2 , 

To be  considered as a process  f l u i d s  supply candida te ,  each f l u i d  must meet 
the  fol lowing criteria: 

a. The f l u i d  must be an e s s e n t i a l  i ng red ien t  which i s  used i n  a n  experiment 
process  
b. The f l u i d  must be used by more than one p iece  o f  equipment I n  s u f f i c i e n t  
q u a n t i t i e s  t o  j u s t i f y  providing a supply f o r  genera l  use. 

The MSFC MMPF database w a s  examined f o r  poss ib l e  process  f l u i d  cand ida te s  from 
t h e  Materials Processing Science equipment and t h e  AMES database  w a s  used f o r  
Life Sciences.  'This database contained 50 USL f a c i l i t i e s  and l a b o r a t o r y  
suppor t  equipment which r e q u i r e  f l u i d  inputs .  The r equ i r ed  consumables f o r  
each piece of equipment were as ses sed  f o r  poss ib l e  process  f l u i d  candidacy. 
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The fol lowing f l u i d s  met the c r i t e r i a  mentioned above. This  l i s t  corresponds 
t o  t h e  f l u i d s  spec i f i ed  i n  t h e  USL CEI.  

a .  Water 
b.  Helium gas 
c. Nitrogen gas  
d. Argon gas 
e. Oxygen gas 
f .  Carbon d ioxide  gas 
g. Hydrogen gas  

F lu id  groups such as e tchan t s  , s o l v e n t s  , b u f f e r s ,  c l ean ing  f l u i d s ,  and f u e l s  
were i d e n t i f i e d  i n  the  da tabase ,  bur are requ i r ed  i n  small q u a n t i t i e s  or by 
s i n g l e  u s e r s  and a r e  considered use r  suppl ied.  Only one of t h e  50 p i eces  of 
equipment requi red  xenon o r  ace ty l ene  gas. As a r e s u l t  t hese  materials are 
considered u s e r  provided. 

According t o  t h e  MMPF database ,  s e v e r a l  users  r e q u i r e  cryogenics  such as 
l i q u i d  n i t rogen  and l i q u i d  helium. These f l u i d s  are  requi red  f o r  t h e i r  
thermal p r o p e r t i e s  and no t  n e c e s s a r i l y  f o r  t h e  f l u i d s  themselves. The 
Cri t ical  Point  F a c i l i t y  is t h e  only except ion and u t i l i z e s  LN2 and LHe as 
p a r t  of t he  experiment o t h e r  than f o r  cool ing.  tong term s t o r a g e  of t h e s e  
f l u i d s  p re sen t s  s eve ra l  t echn ica l  cha l lenges  wi th  expensive and complex des ign  
s o l u t i o n s .  In  add i t ion  , in t ra -module  cryogenics  t r a n s p o r t  i n t roduces  several 
s a f e t y  issues .  A closed-loop helium based cryogenic  r e f r i g e r a t i o n  system h a s  
been s e l e c t e d  t o  s a t i s f y  t h e  USL cryogenic  requirements.  This concept 
provides  LN2 temperature. levels a t  t h e  poinr  of  u s e ,  and i n  t h e  process  
e l imina te s  cryogenic f l u i d  s t o r a g e  and t r a n s p o r t a t i o n  des ign  complexi t ies .  

Liquid helium is  only r equ i r ed  by t h e  Critical Poin t  F a c i l i t y .  Because of 
t h i s ,  and t h e  l a r g e  amount of power r equ i r ed  f o r  l i q u i d  helium product ion ,  i t  
is f e l t  t h a t  LHe should be u s e r  provided. The closed-loop cryogenic  
r e f r i g e r a t i o n  system h a s  t h e  c a p a b i l i t y  of provid ing  t h e  f i r s t  s t a g e  of helium 
l i q u i f a c a t i o n .  This  w i l l  reduce t h e  equipment burden on t h e  LHe user .  

3.2.2.10.2 Process Waste Handling - The Process  Waste Handling System (PWHS) 
is r e spons ib l e  for t h e  safe removal, s to rage ,  and d i s p o s a l  of  USL payload - 

waste by-products. The source  o f  waste is from payload, 
characterizationlsupport equipment , and support  p rocesses  inc lud ing  a work 
bench, glovebox, emergency shower, and handwash. The EWHS provides  t h e  
c a p a b i l i t y  of phase s e p a r a t i o n  of t h e s e  wasfes where requi red .  The system 
provides  accommodations f o r  c o l l e c t i o n  and s t o r a g e  of hazardous and 
non-hazardous s o l i d  waste, recoverable  and non-recoverable water, 
non-recoverable f l u i d  waste segrega t ion  and s t o r a g e ,  and gaseous waste 
d i s p o s i t i o n .  

The system i s  designed t o  b e  capable  of l ong- l i f e  ope ra t ion  i n  a c o r r o s i v e  
environment i n  addi t ion  t o  t h e  s a f e  s t o r a g e  , t r a n s p o r t a t i o n ,  and containment 
of t o x i c  waste. The PWHS provides  a t r a n s p o r t  func t ion  which has  t h e  
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c a p a b i l i t y  of * i n t e r f a c i n g  wi th  a l l  payload experiments and c h a r a c t e r i z a t i o n /  
support  equipment where the  experiment process  r e q u i r e s  t r a n s p o r t  of hazardous 
ma te r f a l s  from one rack l o c a t i o n  t o  another .  I n  a d d i t i o n ,  t h e  PWHS is 
designed t o  comply wi th  a l l  i n t e r n a l  and e x t e r n a l  contamination requirements  
i n  i t s  d i s p o s i t i o n  of USL wastes. 

3.2.2.11 Laboratory Support Subsystem 

Laboratory Support Subsystem equipment inc ludes  t h e  two c a t e g o r i e s  prev ious ly  
r e f e r r e d  t o  as Support Equipment and Charac te r i za t ion  Equipment. This  
hardware inc ludes  common items requi red  t o  suppor t  materials process ing  and 
l i f e  sc i ences  research  i n  space. The l a b o r a t o r y  suppor t  equipment func t ions  
inc lude  pre- and post  processing of m a t e r i a l s  samples,  s t o r a g e  and handl ing ,  
and product  a n a l y s i s  and cha rac t e r i za t ion .  The l i s t  of items provided i n  
Table. 3.2-1 r e p r e s e n t s  t h e  l abora to ry  suppor t  hardware which has  been 
des igna ted  as candida tes  t o  be suppl ied as gene r i c  equipment t o  suppor t  t h e  
USL payload opera t ions .  

Two p r i n c i p a l  works ta t ions ,  each cons i s t ing  of a n  a d j a c e n t  double rack  and 
s i n g l e  rack, w i l l  be provided i n  the USL. The two works ta t ions  c u r r e n t l y  
planned f o r  t h e  USL a re  t h e  workbench and t h e  glovebox. 
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TABLE 3.2-1 LABORATORY SUPPORT EQUIPMENT 

Accelerometer u n i t ,  3-axis r eco rd ing  
Automated c u t t i n g / p o l i s h i n g  u n i t  
Bat te ry  charger  
Cameras and camera l o c k e r  
Centrifuge, s t anda rd  l a b o r a t o r y  
Centrifuge, r e f r i g e r a t e d  
Chemical supply s t o r a g e  f a c i l i t y  
Cleaning equipment 
D i g i t a l  multimeter 
D i g i t a l  p ressure  t r ansduce r  
D i g i t a l  r eco rd ing  o s c i l l o s c o p e  
D i g i t a l  thermometers 
Dosimeter, pas s ive  
Dynamic environmental measuring system 
Electrical conduc t iv i ty  probe 
EM-shielded s t o r a g e  locke r  
Etching equi  p e n t  
Film locker 
F lu id  handling t o o l s  
Freezers ,  c ryogenic  (-196OC) 
General purpose hand t o o l s  ( inc lud ing  s o l d e r i n g )  
Glovebox Incubator 
Mass measuring device  , micro) 
Mass measuring dev ice ,  small 1 
Metallographic microscope 
Microwave steam au toc lave  
Opt ica l  microscope and s u p p l i e s  
pH Meter R e f r i g e r a t o r  
Recorder, multi-channel ( s t r i p  c h a r t )  
Sample p repa ra t ion  device ,  f l u i d  t r a n s f e r  
S te reo  macroscope 
UV/VIS /NIX spec t rometer  
UV s t e r i l i z a t i o n  oven 
UV/VIS/NIR spec t rometer  
Work bench 
X-ray d i f f  t a c t i o n  u n i t  
X-ray f a c i l i t y ,  gene ra l  purpose 
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3.3 LOGISTICS ELEMENTS 

L o g i s t i c s  elements have been def ined  t h a t  w i l l  be used t o  t r a n s p o r t  t h e  needed 
equipment, f lu ids ,  and raw materials t o  suppor t  Space S t a t i o n  crew and user  
opera t ions .  Four types of elements a r e  requi red :  a Pressur ized  L o g i s t i c s  
Carrier (PLC) and Unpressurized Log i s t i c s  Carriers (ULC) which c o n s i s t  of dry  
goods pallets, f l u i d s  pal le ts ,  and propel lan t  p a l l e t s .  Each of t h e s e  elements 
has  been def ined  t o  t r a n s p o r t  s p e c i f i c  c a t e g o r i e s  o f  l o g i s t i c s  resupply  items 
f o r  c rew/s t a t ion  suppor t  and use r  requirements. 

The PLC element w i l l  t r a n s p o r t  items used i n  the  SS pres su r i zed  volume f o r  
s t a t ion /c rew/use r  resupply.  The PLC w i l l  be launched i n  t h e  S h u t t l e  payload 
bay and be docked t o  one of t h e  in te rconnec t ing  nodes on t h e  Space S t a t i o n .  
After a s s u r i n g  proper opera t ion  of the  carrier, t h e  opened h a t c h  w i l l  provide 
s h i r t  sleeve access t o  t h e  carrier from t h e  o t h e r  Space S t a t i o n  modules. 

ULC's are requ i r ed  t o  resupply  a v a r i e t y  of consumables t o  t h e  Space S t a t i o n .  
These requirements  inc lude  p rope l l an t s  (monopropellant and b i -propel lan t  , 
f l u i d s  (ECLSS and Laboratory),  and d r y  goods (ORU's and spares). It i s  
a n t i c i p a t e d  t h a t  a common c a r r i e r  s t r u c t u r e ,  which provides  manifest  
f l e x i b i l i t y ,  can  be o u t f i t t e d  t o  s a t i s f y  t h e  v a r i e d  resupply  requirements .  

The ULC's w i l l  be  launched i n  the  s h u t t l e  payload bay and b e  removed and 
docked t o  a convenient SS l oca t ion  t o  provide equipment / f lu id  t r a n s f e r  as 
r equ i r ed  t o  Space S t a t i o n  experiments/subsystems l o c a t e d  o u t s i d e  of t h e  
p re s su r i zed  modules. The MSCS w i l l  be  used t o  t r a n s f e r  d ry  goods and 
umhi l i ca l s  w i l l  be connected t o  provide t h e  f l u i d  t r a n s f e r  path as requi red .  

3.3.1 Pressur ized  Log i s t i c s  Car r i e r  - (PLC) 

The PLC c o n s i s t s  of Core Module (CM) hardware c o n s i s t i n g  of a p r e s s u r e  s h e l l  
provis ioned wi th  common i n t e r n a l  s t r u c t u r e  and subsystem equipment. The 
design of t h e  PLC w a s  p red ic ted  on use  of t h e  CM, which inco rpora t e s  a high 
degree of commonality i n  t h e  s t r u c t u r a l  components, CM subsysmes ,  and CM 
s tandard  opt ions.  Commonality w i l l  be  extended t o  inc lude  duc t ing ,  cab l ing  
and f l u i d  l i n e s  when p r a c t i c a l  depending on t h e  weight impacts.  The PLC 
provides  approximately.  1025 cu f t  of stowage volume f o r  l o g i ' s t i c s  resupply.  
This volume can be enhanced by using t h e  a f t  end cone and by dense packing 
w i t h i n  the  cen te r  aisle. Figure 3.3.1-1 d e p i c t s  t he  c u r r e n t  PLC conf igura t ion .  

3.3.2 Unpressurized Log i s t i c s  Carr ie r  - (ULC) 

me proposed ULC concept is an open s ided ,  r i n g  frame and t r u s s  beam s t r u c t u r e  
c o n s i s t i n g  o f  a t t a c h  po in t s  f o r  d r y  goods, f l u i d s ,  and p rope l l an t  p a l l e t s  as 
shown i n  Figure 3.3.2-1. Access to  t h e  payload volume i s  via any of four  
c i r cumfe ren t i a l  l o c a t i o n s .  Various payloads and s i z e s  can be accommodated by 
t h i s  base l ine  conf igura t ion .  The U L C ' s  w i l l  be t r anspor t ed  i n  t o  t h e  STS 
o r b i t e r  and a f t e r  o r b i t e r  docking, t hey  w i l l  be removed by  t h e  MSCS from t h e  
payload bay t o  a SS docking f i x t u r e .  
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3.3.3 Subsystems 

The PLC is comprised of t h e  fol lowing subsystems: s t ructures/mechanisms , 
e lec t r ica l  power, da t a  management,. communications, environmental  and l i f e  
Support ,  thermal  con t ro l ,  crew systems, and sof tware .  The U L C ' s  a r e  comprised 
of the  fol lowing subsystems: s t ructures/mechanisms,  e l e c t r i c a l  power, d a t a  
management, thermal c o n t r o l ,  and f l u i d s .  Only L o g i s t i c s  Elements unique 
subsystem f e a t u r e s  w i l l  be discussed.  

3.3.3.1 Structures/Mechanisms 

The Structures/Mechanisms subsystem provides  t h e  s t r u c t u r e  of t h e  PLC, which 
i n  t u r n ,  provides  a volume f o r  s t o r a g e  of resupply  items. This  volume g i v e s  
p ro tec t ion  from the environments of t h e  Space S t a t i o n  launch,  b u i l d  and 
o p e r a t i a n a l  phases. The volume w i l l  be p re s su r i zed  and w i l l  provide 
s t r u c t u r a l  i n t e r f a c e s  f o r  o u t f i t t i n g  equipment. Berthing mechanisms w i l l  
allow t h e  PLC t o  be docked t o  a SS node. A Hatch mechanism l o c a t e d  i n  one end 
cone of t h e  PLC will provide e n t r y ,  e x i t  and i s o l a t i o n  of t h e  carrier.  The 
o t h e r  end cone opening, which is used f o r  ground process ing ,  con ta ins  a l a r g e  
diameter access ho le  with a s i m p l i f i e d  c loseou t  p l a t e .  

This  subsystem a l s o  provides the  s t r u c t u r e  of t h e  ULC's which c o n s i s t  of r i n g  
frames, t ru s s  beams, and s t r u c t u r e  f o r  d r y  goods, f l u i d s ,  and p rope l l an t  
pallets. These s t r u c t u r e s  w i l l  wi ths tand  a l l  unpressur ized  environments of 
space a long  wi th  the environments induced by  launch/ landing  and o p e r a t i o n a l  
phases 

3.3.3.2 Electrical Power 

The PLC power subsystem, while based on t h e  co re  module des ign ,  i s  modified t o  
f i t  t h e  r o l e  of the PLC. The power subsystem must provide power t o  t h e  
i n s t a l l e d  subsystem equipment as w e l l  as L o g i s t i c s  Payloads dur ing  t h r e e  modes 
of  opera t ions :  ground ope ra t ions ,  a s c e n t ,  descen t ,  and on-orbit  ope ra t ion .  
During ground opera t ions ,  power i s  provided from ground suppor t  equipment. 
During a scen t  and descent ,  power is provided by t h e  STS power system. 
On-orbit ope ra t ions  power i s  provided t o  t h e  PLC from t h e  a d j a c e n t  node 
through t h e  be r th ing  r ing .  

Power d i s t r i b u t i o n  is provided f o r  t h e  ULC's  t o  suppor t  requirements  f o r  
h e a t e r s  and d a t a  a c q u i s i t i o n  equipment. Any r equ i r ed  power cond i t ion ing  
equipment w i l l  be kee l  mounted t o  minimize pallet weight.  

3.3.3.3 Data Management . 

The PLC DMS w i l l  provide data a c q u i s i t i o n  and c o n t r o l  for t he  ECLSS, Power, 
and Thermal subsystems. The DMS design w i l l  be  autonomous t o  reduce t h e  
requirements  f o r  GSE and t o  minimize PLC impact on s t a t i o n  Operat ions.  DMS 
and payload d a t a  networks w i l l  be provided. I n t e r f a c e s  KO t he  g loba l  co re  
W i l l  l i n k  t h e  c a r r i e r  t o  t h e  core  module d a t a  system which w i l l  provide mass 
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da ta  s to rage  and inventory management. The PLC w i l l  be launched and r e tu rneg  
i n  t h e  s h u t t l e  many times and w i l l  r e q u i r e  monitoring v i a  s h u t t l e  d a t a  systems 
during t r anspor t .  

The ULC DMS w i l l  provide a common c o n t r o l l e r  f o r  a l l  subsystem monitor ing,  and 
carrier superv is ion .  A special i n t e r f a c e  card i n  t h e  c o n t r o l l e r  w i l l  enable  
communication on t h e  S h u t t l e  da t a  bus f o r  s t a t u s  dur ing  t r a n s p o r t .  

3 .3 .3 .4  Communications 

The PLC communications system is  a reduced v e r s i o n  of t h e  c o r e  module 
conf igura t ion .  Video and audio  buses are i n  p lace  j u s t  as i n  t h e  c o r e  
module. Audio/video c o n t r o l  and processing w i l l  be accomplished by  processors  
i n  e i t h e r  t h e  h a b i t a t  o r  U.S. Laboratory modules. The video camera and 
speaker/Mic w i l l  be removed from t h e  PLC dur ing  carrier changeout and 
r e i n s t a l l e d  i n  t h e  replacement c a r r i e r .  

3 . 3 . 3 . 5  ECLSS 

The Environmental Control and Life Support subsystem (ECLSS) provides  t h e  PLC 
wi th  an  environment capble  of support ing and maintaining human l i f e .  ECLSS i s  
comprised of  t h e  fol lowing func t iona l  subsystems: 1) Temperature and Humidity 
Control ;  2)  Atmosphere Control and Supply; 3) Atmosphere R e v t t a l i z a t i o n ;  4 )  
F i r e  Detect ion and Suppression; 5 )  Waste Management; and 6) EVA Support .  The 
Space S t a t i o n  crew w i l l  be provided a l l  aspects o f  a s a f e  and suppor t ive  
atmosphere and environment by the  ECLSS. R e f r i g e r a t o r s  and freezers are 
provided f o r  r e supp ly / r e tu rn  of per i shable  commodities. 

3 . 3 . 3 . 6  Thermal Control 

The Thermal Control System f o r  t he  PLC is similar t o  t h a t  of t h e  Core Module 
except  t h e  PLC has  no body mounted r a d i a t o r s  and no e x t e r n a l  f l u i d  loop. The 
system f o r  t h e  PLC inc ludes  a pumped s i n g l e  phase water loop i n s i d e  t h e  
carr ier  f o r  a c q u i s i t i o n  and t r anspor t  of i n t e r n a l  h e a t  loads .  The pass ive  
thermal  con t ro l  f o r  t h e  PLC c o n s i s t s  of mu l t i l aye r  i n s u l a t i o n  (MLI) and 
s i l v e r i z e d  t e f l o n .  Re f r ige ra to r / f r eeze r  h e a t  loads  are r e j e c t e d  via the  HSOM 
body mounted r a d i a t o r s .  

The Thermal Control System f o r  the ULC's  c o n s i s t s  of MLI, s i l v e r i z e d  t e f l o n  
and f luids  h e a t e r s  as requi red .  

3 . 3 . 3 . 7  C r e w  Systems 

Aids w i l l  be. provided by Crew Sys tems f o r  crew mobi l i t y  and r e s t r a i n t .  
Devices t o  con ta in ,  r e s t r a i n  o r  move Space S t a t i o n  hardware o r  resupply  items 
w i l l  be provided by C r e w  Systems. Trash c o l l e c t i o n  equipment, stowage 
p rov i s ions ,  i n - f l i g h t  maintenance, t o o l s  and equipment f o r  both I V A  and EVA, 
and po r t ab le  f i r e  ex t ingu i she r s  a r e  a l s o  provided by crew systems. 
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A11 a s p e c t s  of t h e  Core Module Data System so f tware  a re  a v a i l a b l e  w i t h i n  t h e  
PLC v i a  t h e  Space S t a t i o n  network. Unique items inc lude  t a i l o r e d  L o g i s t i c  
d i s p l a y s  and menus and inventory  management c o n t r o l .  The L o g i s t i c  Element 
(LE) i n t e r f a c e s  with a s e t  of sof tware  t o  handle  a l l  phases inventory  
management c o n t r o l .  

3.3.3.9 Flu ids  

The f l u i d  resupply system c o n s i s t s  of U L C ' s  which provides f o r  t he  t r a n s p o r t ,  
s t o r a g e  and t r a n s f e r  of a l l  f l u i d  consumables r e q u i r i n g  resupply.  The ULC 
conf igurar ion  t r anspor t s  f l u i d s  on separate p a l l e t  s t r u c t u r e s  t o  supply  N2, 
p r o p e l l a n t s  and user f l u i d s .  
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The propulsion system is  an  oxygen/hydrogen p rope l l an t  system a s  shown i n  
N g u r e  3 .4 -1 ,  t h a t  r ece ives  high pressure gases from t h e  ECLSS e l e c t r o l y s i s  
u n i t s .  The gases a r e  suppl ied by a propel lan t  resupply  port i n  the  ECLSS t h a t  
i s  dedica ted  t o  r e f i l l i n g  02 and H2 accumulators.  Water f o r  the 
e l e c t r o l y s i s  process is suppl ied  to  t h e  ECLSS system from t h e  NSTS o r b i t e r .  
The water is a by-product of NSTS power genera t ion  f u e l  cells. 

Oxygenhydrogen propulsion us ing  o r b i t e r  fuel . ce l l  water w a s  s e l e c t e d  over a 
s t a t e -o f - the -a r t  hydrazine system because i t ' s  development c o s t s  a r e  
comparable t o  hydraz ine ,  however, the propel lan t  l o g i s t i c  c o s t s  a r e  reduced by 
400 m i l l i o n  d o l l a r s  cons ider ing  scavenged water from t h e  o r b i t e r  fuel cells.  

Oxygenhydrogen p rope l l an t s  have a s a f e t y  advantage compared t o  hydraz ine  
s i n c e  they  are s t o r e d  as e i t h e r  water o r  h igh  pressure  gases .  Leakage which 
is  considered a d i f f i c u l t  problem to  so lve  us ing  hydrazine is a much lower 
concern wi th  oxygen and hydrogen gases. 

PROPELLANT MODULE COMMON MO 

G E N E R A T O R S  

R E M 0  v A 0 LE 
THF(USTER AND 
REGULATOR 
!.I 0 0 u L E 

FIGURE 3 . 4 - 1  PROPULSION SYSTEM - WATER ELECTROLYSIS 
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3.4.1 P r o m l s i o n  Module Confinurat ion 

The propuls ion module, shown i n  F i g u r e  3.4.1-1, and i n  schematic  i n  Figure 
3.4.1-2. The modules are made up of two sub-modules, one which con ta ins  the  
hydrogen tank and one which con ta ins  the  oxygen tank t h r u s t e r s  and  t h e  
major i ty  of t h e  remaining propuls ion hardware. The modules are resuppl ied  
wi th  gaseous oxygen and hydrogen a t  t h e  p rope l l an t  r e f u e l i n g  s t a t i o n .  I n  
a d d i t i o n  t o  t h e  propulsion and s t r u c t u r e s  hardware the  propuls ion  modules 
inc lude  a thermal con t ro l ,  power d i s t r i b u t i o n  c o n t r o l l e r  and DMS t o  i n t e r f a c e  
wi th  the  Space S ta t ion .  The fol lowing paragraphs provide a d d i t i o n a l  design 
d e t a i l  f o r  t h e  propulsion module. 

3.4.1.1 Propuls ion Sub-Module S t r u c t u r e  

Hydrogen Sub-Mo dul  e 

The 4.84 m3 gaseous hyrogen accumulator tank is mounted t o  s i n g l e  Standard 
Attach Mechanism ( S A M )  with  a tubu la r  t r u s s  arrangement. The t r u s s  is 
a t t a c h e d  t o  a n  H beam s u b s t r u c t u r e  t h a t  runs  parallel  t o  t h e  hypotenuse of t h e  
t r i a n g u l a r  SAM. The subs r ruc tu re  is  a t t ached  t o  t h e  SAM with  tapped aluminum 
spacer p l a t e s  t h a t  a r e  f i lament  wound onto t h e  g raph i t e  composite box 
sec t ion .  The p l a t e s  provide mounting pads f o r  b o l t i n g  t h e  s u b s t r u c t u r e  t o  t h e  
SAM. A micrometeoroid s h i e l d  p r o t e c t s  t h e  tank wi th  a 1 0  c m  stand-off 
d i s t a n c e  and is bol ted t o  t he  t o p  f l ange  of t he  H beam subs t ruc tu re .  The 
s h i e l d  is removable t o  allow f o r  tank assembly and maintenance. The 
p rope l l an t  transfer l i n e s ,  electrical l i n e s  and l i n e  h e a t e r s  are run through 
the enclosed subs t ruc tu re  f o r  micrometeoroid p ro tec t ion .  

Oxvnen Sub-Module 

The 2.1 m3 Gaseous Oxygen (GO21 accumulator tank is  mounted t o  a s i n g l e  
SAM us ing  a square H beam t h a t  spans ac ross  t h e  SAM f o r  added suppor t  and 
r i g i d i t y .  The subs t ruc ture  is  a t t ached  t o  the  SAM through aluminum mounting 
pads which are fi lament wound onto t h e  g raph i t e  composite box beam. The H 
beam is then  bol ted  t o  the  aluminum pad with f o u r  b o l t s  a t  each c o m e r .  The 
tank is supported by a tubu la r  t r u s s  arrangement where one end is  supported by 
two diagonal  members 'and t h e  oppos i te  end by a t r i p o d  t r u s s .  This  
conf igura t ion  allows f o r  thermal expansion and c o n t r a c t i o n  of t h e  tank. The 
micrometeoroid s h i e l d  wi th  a 10 cm stand-off d i s t a n c e  is mounted t o  t h e  t o p  
f lange  of t h e  H beam and is removable f o r  ease of  i n s r a l l a t i o n  a n d '  
maintenance. The subs t ruc ture  is a l s o  used as p ro rec t ion  f o r  t h e  tub ing  and 
t h e  electrical w i r e s  t h a t  connect t o  t h e  remote umbi l i ca l  connector .  The RCS 
t h r u s t e r s  are mounted i n  an enclosed box made of 0.05 cm t h i c k  aluminum. The 
t r i a n g u l a r  shaped box is bo l t ed  t o  t h e  top  f l ange  of t h e  s u b s t r u c t u r e  and can 
b e  rep laced  as a u n i t  o r  t h e  back cover can b e  removed f o r  i n s t a l l a t i o n  and 
maintenance of t h e  t h r u s t e r s  and douhle valves. A remote umbi l ica l  r e f u e l h g  
mechanism connects the GO2 module t o  t h e  Gaseous Hydrogen ( G H 2 )  module and 
both of t h e s e  t o  the  Space S t a t i o n  p rope l l an t  and t h r u s t e r  c o n t r o l  
d i s t r i b u t i o n  l i n e s .  
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FIGURE 3.4.1-2 OXYGEN/HYDROGEN PROPULSION MODULE SCHEMATIC 
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3.4.1.2 Thrus te rs  

Thrus te r  programs a t  L e R C  and MSFC a r e  designed t o  suppor t  t h e  Space 
S ta t ion .  These t h r u s t e r s  were designed f o r  t h e  4.5:1 MR but  t h e  mixture  
r a t i o  has  been extended t o  8 : l  MR t o  accommodate t h e  Space S t a t i o n  
02/H2 propuls ion requirements  mixture r a t i o .  Performance a t  8:l  MR 

. is off s i g n i f i c a n t l y  from t h e  peak a t  approximately 3:l MR. However, 
opera t ion  of t h e  system a t  less than 8:l MR impl i e s  t h e  product ion of 
excess  oxygen t h a t  must be disposed of .  For each gram of oxygen "thrown 
away", 567 grams o f  water i s  needed, which more than  o f f s e t s  any 
reduct ion  i n  p rope l l an t  needed due t o  t h e  G02/GH2 t h r u s t e r  performance a t  
111 N can be considered as a funct ion of  improved performance. I f  t he  
excess  oxygen can be u t i l i z e d  elsewhere on t h e  s t a t i o n ,  t hen  t h e  system 
can be operated economically a t  less than  8:l MR. This  is one of two 
" f r inge  b e n e f i t s "  der ived  from i n t e g r a t i o n ,  t h e  ECLSS wi th  propuls ion 
t akes  t h e  form of  excess hydrogen from the  ECLSS t o  t h e  propuls ion system 
s i n c e  t h e  ECLSS does no t  u t i l i z e  a l l  t h e  hydrogen genera ted  i n  t h e  
production of cabin  oxygen. 

3.4.1.3 P rope l l an t  Refuel ing S ta t ion  

The propulsion/ECLSS i n t e r f a c e  c o n s i s t s  of GO2 and GH2 quick 
d isconnec ts  t o  which t h e  propulsion system d i s t r i b u t i o n  l i n e  connect.  
Resupply p rope l l an t  gases c r o s s  the i n t e r f a c e  from ECLSS t o  propuls ion by 
means of  t h e s e  disconnects .  The ECLSS c o n t r o l l e r  w i l l  need t o  
accommodate t h e  v a r i a t i o n  in propel lan t  requirements  as a. resul t  of  
atmospheric cond i t ions  a n t i c i p a t e d  f o r  t h e  nex t  90 day cyc le  so t h a t  
s u f f i c i e n t  p rope l l an t  reserves a r e  maintained. The a c t u a l  t r a n s f e r  w i l l  
t ake  p lace  a t  t h e  propuls ion r e f u e l i n g  s t a t i o n ,  l o c a t e d  on t h e  Space 
S t a t i o n  Truss S t r u c t u r e  away from the pressur ized  modules. 

3.4.1.4 Electr ical  Power Di s t r ibu t ion  Subsystem 

Figure. 3.4.1-4 shows t h e  e l e c t r i c a l  power d i s t r i b u t i o n  subsystem which 
inc ludes  power condi t ion ing ,  load c e n t e r  cab l ing ,  and va lve  d r i v e  
a m p l i f i e r s .  The power w i l l  be con t ro l l ed  by t h e  propuls ion c o n t r o l l e r .  
28 VDC power w i l l  be d i s t r i b u t e d  t o  each of t h e  fou r  RCS module 
l o c a t i o n s .  Power condi t ion ing  equipment is loca ted  a t  t h e  va lve  d r i v e  
a m p l i f i e r s  t o  minimize low vo l t age  power d i s t r i b u t i o n  and thus  minimize 
l i n e  l o s s e s .  A double redundant configurat ion was s e l e c t e d ,  c o n s i s t e n t  
wi th  a n t i c i p a t e d  prime power bus conf igura t ion .  Each of t h e  power 
condi t ion ing  assemblies  con ta ins  redundant power condi t ion ing  modules. 

3.4.1.5 Data Management 

The d a t a  system contains.  da t a  s torage  and r e t r i e v a l  s e r v i c e s ,  and o t h e r  
commonly requi red  data processing s e r v i c e s  f o r  the  propuls ion sys t em.  
The h e a l t h  rnoniroring instrumentat ion inc ludes  pressure  t r ansduce r s  and 
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temperature sensors .  Pressure  t r ansduce r s  are included between each of 
t h e  f l u i d  "hard points". These w i l l  a i d  i n  t h e  de te rmina t ion  of l e a k s .  
Temperature sensors  w i l l  be placed about t he  systems t o  monitor t he  
thermal c o n t r o l  system performance and, i n  some cases, t h e  performance of 
components l i k e  the t h r u s t e r s .  Other s p e c i a l  s enso r s  w i l l  a l s o  be 
needed. These w i l l  inc lude  l e a k  d e t e c t o r s  and t h r u s t  level  measurement 
devices .  

3.4.1.6 Propuls ion Con t ro l l e r  

The GN&C System i s  r e spons ib l e  f o r  a l l  t h e  guidance and nav iga t ion  
func t ions  r e l a t e d  to t h e  use of the  React ion Control System. This  a l s o  
inc ludes  t h e  phase plane computations and propuls ion  module j e t  
s e l e c t i o n .  The funct iona l  i n t e r f a c e  between GNhC and t h e  propuls ion 

3.4.1.7 Application S o f m a r e  

Space S t a t i o n  so fn ra re  requirements  f o r  propulsion are focused i n  t h r e e  
func t iona l  elements: p rope l l an t ,  t h r u s t e r ,  and reboos t  management. 
However, i n  o rde r  t o  p roper ly  coord ina te  t h e  a c t i v i t i e s  of t h e  propuls ion  
elements t h e r e  w i l l  be schedul ing  and conf igu ra t ion  management sof  mare 
The man and machine i n t e r f a c e  w i l l  be through t h e  works ta t ion  which i s  
a v a i l a b l e  i n  each module. The propuls ion a p p l i c a t i o n  sof tware  components 
augment t h e  data system software.  
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3.5 REROOST 

Our Phase B a c t i v i t i e s  r e l a t e d  t o  Space S t a t i o n  reboos t  s t r a t e g i e s  and 
recommended implementation approach a r e  summarized i n  t h i s  s ec t ion .  See 
Volume I1 of t h i s  document f o r  a d e t a i l e d  d i scuss ion  of t h e  Rehoost 
e f f o r t .  

Pre-ISR Reboost S t r a t egy  was t o  u t i l i z e  a 250nm minimum a l t i t u d e  scheme. 
This  is shown i n  Figure 3.5-1. Associated wi th  t h i s  is t h e  impulse 
requiremennts f o r  10  y r s  (Figure 3.5-2). Post  ISR s t u d i e s  showed t h a t  
lowering t h e  ope ra t ing  a l t i t u d e  and al lowing t h e  a l t i t u d e  t o  vary  could 
s i g n i f i c a n t l y  i n c r e a s e  the  n e t  payload d e l i v e r y  t o  SS (50,000 - 114,000 
l b s  of payload over a 10 year cyc le) .  F igures  3.5-3 and 3.5-4 show t h e  
a l t i t u d e  trace and impulse requirements f o r  t h e  v a r i a b l e  a l t i t u d e  
s t r a t e g y  f o r  2 va lues  of Space S t a t i o n  b a l l i s t i c  c o e f f i c i e n t .  Table 
3.5-1 shows t h e  comparison of t h e  KWO s t r a t e g i e s .  Curren t ly ,  a v a r i a b l e  
a l t i t u d e  s t r a t e g y  is base l ined  by NASA; Martin Marietta's recommended 
implementation procedures f o r  t h e  v a r i a b l e  a l t i t u d e  s t r a t e g y  is  shown on 
Figure 3.5-5. 
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l o C / F o C  SPACE STATION ALTITUDE/ 
REBOOST PHILOSOPHY (KG/M"2) 

TABLE 3.5-1 VARIABLE ALTITUDE STUDY - SUMMARY 

RENDZ. 
ALTITUDE 

RANGE 
(NM) 

IMPULSE 
(LBF'SEC) 

NET 
PAYLOAD 

GAIN 
(LBS) 

MSFC DELTA CASE (0  = 60 KG/M*'2) 1 60.7/ 1 207/ 
DISCRETE OPTIMUM ALTITUDE 56.4 257  

MMDA HYBRID/SCRUB IOC' (FLIGHT 
13) - BOOST UP FROM 250 NM - 
UPDATED 4/7/86 

MMDA CASE (I3 = 46 KG/M"2) 
DISC RETE OPTlMU M ALTlTU DE 

MMOA 02/H2 CASE (I3 = 46 KG/M"2) 46.22/ 194/  
DISCRETE OPTIMUM ALTITUDE 1 43.68 I 242 

46.221 250 
43.68 

46.221 2091 
43.68 264 
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3.6 VEHICLE ACCOMMODATIONS 

This  s e c t i o n  w i l l  ou t l i ne  the  recommended Vehicle  Accommodations conf igu ra t ion  
based upon t h e  r e s u l t s  o f  s e v e r a l  des ign  ana lyses  and tradae s t u d i e s  performed 
dur ing  t h e  conceptual design phase of t h e  Space S t a t i o n  p r o j e c t .  These t r a d e s  
and ana lyses  were dr iven  by key top-level  requirements  i d e n t i f i e d  f o r  
accommodating space based v e h i c l e s .  The requirements  inc lude  provid ing  
thermal condi t ioning,  meteroid,  d e b r i s ,  and contamination p r o t e c t i o n ,  
e lectr ical  power, data management access, v ideo  communications, so f tware ,  

. c o n t r o l  and d isp lays  f o r  proximity ope ra t ions ,  cap tu re ,  t r a n s p o r t  and 
b e r t h i n g ,  and s torage.  

A summary of t h e  design ana lyses  and t r a d e  s tudy  r e s u l t s  and conclus ions  can 
be found i n  Sec t ion  3.6.2. 

3.6.1 Recommended Vehicle Accommodations Configurat ion 

3.6.1.1 I O C  Configuration 

The recommended IOC conf igura t ion  is shown i n  Figure 3.6.1-1, as der ived  from 
t h e  t r a d e s  and analyses  r e s u l t s .  It c o n s i s t s  of two major design components - 
t h e  v e h i c l e  Berthing S t r u c t u r e  and t h e  e l e c t r o n i c s  module. 

The Berthing S t ruc tu re  is comprised of g r a p h i t e  epoxy t r u s s  members and 
s t anda rd  end f i t t i n g s  f o r  commonality wi th  t h e  e x i s t i n g  I ang ley  t r u s s  
concept. The l a t ches  u t i l i z e d  f o r  v e h i c l e  b e r t h i n g  are GSFC l a t c h e s  c u r r e n t l y  
be ing  developed f o r  s h u t t l e  missions.  Also included as part of t h e  Ber th ing  
S t r u c t u r e  is t h e  remote umbi l i ca l  mechanism which provides  data management 
access, power, and a communications l i n k  t o  t h e  . ber thed  v e h i c l e .  The 
umbi l ica l  a l s o  has  a f l u i d  resupply  scar f o r  growth resupply  opera t ions .  

The e l e c t r o n i c s  module is  designed t o  house t h e  l o c a l  area e l e c t r o n i c s  and 
provide meceroid and electromagnet ic  i n r e r f e r e n c e  p ro tec t ion ,  a long  with 
thermal  environment condi t ioning.  To maintain commonality wi th  e x i s t i n g  space 
q u a l i f i e d  equipment, the Multi-Mission Spacecraf t ' s  (MMS) Elec t ron ic s  Housing 
Module was i d e n t i f i e d  t o  b e  b e s t  s u i t e d  t o  p r o t e c t  t h e  e l e c t r o n i c  equipment 
a s s o c i a t e d  wi th  the Vehicle  Accommodations. The module w i l l  con ta in  t h e  
electrical load  center  which d i s t r i b u t e s  power t o  t h e  s e p a r a t e  accommodations 
elements;  t h e  power condi t ion ing  u n i t  which conve r t s  t h e  space  base  main power 
Supply t o  28 Vdc, compatible wi th  t h e  v e h i c l e ;  t h e  e x t e r i o r  l i g h t  c o n t r o l l e r  
which monitors and con t ro l s  t h e  l i g h t i n g  w i t h i n  t h e  accommodations area; t h e  
DMS network i n t e r f a c e  u n i t  which conver t s  d a t a  s i g n a l s  from metal c a b l i n g  t o  
o p t i c a l  f i b e r s ;  and t h e  s e r v i c e  area c o n t r o l l e r  which is t h e  l o c a l  area 
microcomputer t h a t  c o n t r o l s  t h e  accommodations ope ra t ions  such as l a t c h  
a c t u a t i o n ,  umbi l ica l  ope ra t ions ,  etc. 

- 
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FIGURE 3.6.1-1 IOC - OMV ACCOMMODATIONS 
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3.6.1.2 Growth Configuration 

For t h e  growth conf igura t ion ,  p i c tu red  i n  Figure 3.6.1-2, a s a t e l l i t e  
s e r v i c i n g  bay i s  added (WP-03) t o  a l low f o r  payload s e r v i c i n g  and 
environmental p ro tec t ion  . To accommodate i n t e g r a t i o n  of payloads with t h e  
OTV/OMV, a t r u s s  boom is  extended i n  the  -V b a r  d i r e c t i o n ,  wi th  a Spacecraf t  
Pos i t i on ing  Unit (SPU) used t o  secu re  the  e n t i r e  s t a c k  u n t i l  launch. The 
t r u s s  book is a l s o  used . K O  extend t h e  MRMS reach envelope f o r  g r e a t e r  
r err ieval ca pab il icy.  

3.6.2 Trades and Analyses Summary 

Study e f f o r t s  f o r  veh ic l e  accommodation were focused i n  two main a r e a s ;  (1) 
determining an optimal l o c a t i o n  and conf igura t ion  of  t h e  be r th ing  t r u s s  and 
a s s o c i a t e d  suppor t  subsystems, and (2)  a s s e s s i n g  t h e  v e h i c l e  proximity 
opera t ions  c o n t r o l  requirements ,  inc luding  r e t r i e v a l ,  be r th ing  , and s t o r a g e  
A l l  requirements ,  both imposed and der ived  were included i n  t h e  s t u d i e s  t h a t  
produced t h e  recommended conf igu ra t ion  shown i n  F igure  3.6.1-1. 

A sununary of t h e  major t r a d e  s t u d i e s  and des ign  ana lyses  performed, which 
shows t h e  desc r ip t ion ,  o b j e c t i v e s ,  and resul ts  of each s tudy  can be found i n  
DR-15, Volume 11, Table 3.6.2-1. Details of t h e  ind iv idua l  t r a d e s  and 
ana lyses  can be found i n  the  "Conceptual Design Analyses & Trade Studies"  
DR-02 submi t ta l  (SSP-MMC-00056), da t ed  3 1  October 1986. 
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FIGURE 3.6 -1-2 VEHICLE ACCOMMODATIONS - GROWTH 
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3.7 SMART FRONT’END 

The Smart Front End (SFE) w i l l  be an evolu t ionary  remotely-control led 
s e r v i c i n g  system with the  SFE elements a l s o  providing t e s t  bed func t ions  f o r  
technology evolu t ion .  

A t  SS IOC,  t h e  SFE w i l l  c o n s i s t  of t h e  Telerobot ic  System (TS). The Mobile 
Serv ic ing  Center (MSC), w i l l  provide primary mob i l i t y  f o r  t h e  TS, and w i l l  
a l s o  provide communication and power. The system w i l l  perform s a t e l l i t e  and 
payload s e r v i c i n g ,  S t a t i o n  assembly, and o t h e r  ORU replacement and EVA 
a s s i s t a n c e  t a s k s .  

The growth SFE w i l l  add t h e  ORU Carrier and Flu id  Resupply System (FRS). The 
OMV w i l l  t r a n s p o r t  t h e  SFE i n - s i t u  s e r v i c i n g  of  s a t e l l i t e s ,  and w i l l  a l s o  
provide b a s i c  communications and power. The FRS may perform f l u i d  resupply  a t  
ss. 

SFE conf igu ra t ions  r e q u i r e  g r e a t e r  power and communications r e sources  than 
provided by t h e  OMV, t hus  r e q u i r i n g  supplemental  k i t s .  Future  miss ions  w i l l  
a l s o  r e q u i r e  k i t s  for  p a r t i c u l a r  missions.  

The fol lowing paragraphs provide t o p  l e v e l  d e s c r i p t i o n s  of t h e  major elements 
of t h e  SFE. More de t a i l ed  d e s c r i p t i o n s  of che SFE elements and subsystems are 
presented i n  Volume 11. 

3.7.1 Telerobot ic  System 

The TS is a remotely-control led,  t e l eope ra t ed  r o b o t i c  system. The TS b a s e l i n e  
conf igura t ion  is shown i n  Figure 3.7.1-1. It c o n s i s t s  of  m o  
7-degree-of-freedom (DOF) manipulators  and one 7-DOF s t a b i l i z e r  arm. The 
v i s i o n  system contains  s t e r e o  video cameras and dua l  l i g h t s  on a p a d t i l t  
assembly. The. I O C  TS w i l l  be remotely c o n t r o l l e d  by a n  opera ted  a t  t h e  SS. 
In - s i tu  ope ra t ions  a t  growth w i l l  be con t ro l l ed  from t h e  ground. 

The OMV-compatible TS (growth) mounts t h e  arms and a s i n g l e  s t a b i l i z e r  arm on 
the per imeter  of  a T-shaped s e c t i o n ,  a t t a c h e d  t o  a cea t ra l ly-mounted  docking 
mechanism. F igure  3.7.1-2 shows t h e  concept f o r  t h e  OMV-transported TS. 

The b a s e l i n e  end e f f e c t o r  accep t s  EVA s tandard  t o o l s  and is  sham i n  Figure 
3.7.1-3. 

The growth OMV-SFE combination w i l l  dock with r e p a i r a b l e  satell i tes v i a  an  RMS 
grapple  f i x t u r e ,  EVA h a n d r a i l s ,  o r  similar s t r u c t u r e s .  
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FIGURE 3.7.1-1 TS COMPONENTS 
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FIGURE 3.7.1-2 IN-SITU SERVICING TS CONFIGURATION 
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3.7.2 ORU Carrier 

The ORU Carrier provides space f o r  URUS and SFE k i t s  dur ing  OMV/SFE i n - s i t u  
s a t e l l i t e / p l a t f o r m  se rv ic ing .  The ORUs may vary  i n  s i z e  and shape from a f e w  
inches on a s i d e  t o  te lephone booth s ize .  

The ORU Carrier s t r u c t u r e  has  t h e  same diameter as t h e  OW, and w i l l  i n t e r f a c e  
wi th  t h e  OMV payload l a r c h e s  and the  SFE s t r u c t u r e .  It w i l l  accommodate 
payload-unique ORU l a t c h  k i t s .  "bo or more ORU carriers may be s tacked  
toge the r  t o  provide capac i ty  f o r  very l a r g e  ORU's.  F igure  3.7.2-1 shows an  
ORu Carrier. 

3.7.3 F lu id  Resupply System 

The FRS is an  OMV-sized module u t i l i z i n g  common s t r u c t u r e  wi th  t h e  f l u i d  
resupply  pallets of t he  LM. The FRS con ta ins  s i x  114.3 c m  (45") diameter  
s p h e r i c a l  t anks  developed f o r  t h e  Olympus sa te l l i t e  which are c u r r e n t l y  i n  
product ion and are S h u t t l e  q u a l i f i e d .  

Two OMV p r e s s u r i z a t i o n  spheres  provide p re s su ran t  supply  f o r  t h e  FRS r anks  and 
f o r  resupply.  The p res su ran t  spheres could con ta in  n i t rogen  o r  helium or one 
of each. 

The FRS conf igu ra t ion  is shown i n  Figure 3.7.3-1. The arrangement is  similar 
t o  t h e  OMV tank farm wi th  the  tanks plumbed i n  series t o  a l low more f l e x i b l e  
p rope l l an t  t r a n s f e r  opera t ions .  The FRS w i l l  be as autonomous as p o s s i b l e  
dur ing  the  f l u i d  resupply processes ,  b u t  w i l l  always a l low ope ra to r  ove r r ide  
of procedures or  c o n t r o l  of a n  e n t i r e  process .  The FRS can  hold up t o  17,600 
kg (8000 lbm) of s t o r a b l e  propel lan ts .  
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The FRS w i l l  be expected KO ope ra t e  normally wi th  au tomat ic  umbi l i ca l s  which 
w i l l  connect upon hard docking. The necessary  v e r i f i c a t i o n  sequences w i l l  
then be performed, followed by the  f l u i d  t r a n s f e r  s t e p s  and d isconnec t  
sequences . 
A l t e r n a t i v e l y ,  t h e  FRS may be  opera ted  wi th  t h e  TS, e n t a i l i n g  use  o f  t h e  
manipulator arms t o  pos i t i on  a f l e x i b l e  FRS umbi l ica l  t o  connect wi th  the  
sa te l l i t e  or platform. V e r i f i c a t i o n ,  f l u i d  t r a n s f e r ,  and disconnect  s t e p s  
would be similar t o  those performed by t h e  au tomat ic  umbi l ica l .  

The TS and FRS could a l s o  be used independent ly  K O  perform ORU exchange and 
f l u i d  s e r v i c i n g  on the  same veh ic l e ,  being conducted i n  series t o  avoid 
contamination or s a f e t y  concerns. 

3.7.4 SFE Mission Ki t s  

The SFE mission (or func t ion )  k i t s  enable  it t o  perform func t ions  beyond those  
f o r  which t h e  bas i c  SFE elements are capable ,  or provide suppor t  beyond t h e  
c a p a b i l i t i e s  of t h e  SFE m o b i l i l i t y  system. These modular k i t s  w i l l  permit  an  
e f f i c i e n t  b a s i c  design and ye t  provide f o r  growth i n  the  func t ions  t h a t  can be 
accomplished. 

Severa l  mission k i t s  may b e  needed f o r  t h e  SFE t o  perform a l l  t h e  IOC 
s e r v i c i n g  missions as w e l l  as t h e  p o t e n t i a l  f u t u r e  missions.  The f u n c t i o n a l  
k i t s  f o r  IOC are: 

- Docking/Berthing K i t  w i l l  provide non-standard docking or ber th ing  
i n t e r f a c e s  between the SFE and t h e  payload, sa te l l i t e ,  o r  platform. 

- Electrical Power K i t  w i l l  provide a d d i t i o n a l  power i f  t h e  c a p a b i l i t y  of t h e  
h o s t  mobi l i ty  system is  i n s u f f i c i e n t  f o r  a p a r t i c u l a r  mission. Because of 
l i m i t e d  volume i n t e r n a l  t o  the  TS, t h e  b a t t e r y  k i t  w i l l  be e x t e r n a l l y  loca t ed .  

- Communications/DMS K i t  w i l l  provide da t a  t r a n s f e r  and communications 
c a p a b i l i t i e s  beyond those normally a v a i l a b l e  through t h e  OMV. 

3.7.5 SFE Control  S t a t ion  

SFE development w i l l  evolve i n  c l o s e  s t e p  wi th  t h a t  of i ts  c o n t r o l  s t a t i o n .  
Numerous conf igura t ion  c o n s t r a i n t s  d e f i n e  t h e  requirements  f o r  t h e  i n t e g r a t e d  
SFE c o n t r o l  and d isp lay  station-.  A func t iona l  a n a l y s i s  i d e n t i f i e d  t o p  level 
c o n s t r a i n t s  by consider ing a l l  SFE subsystems and a minimum set of t r a n s p o r t e r  
v e h i c l e  subsysrems. The primary emphasis was on visual d i s p l a y s  and 
manipulator c o n t r o l  elements. The f ind ings  are summarized i n  Table 3.7.5-1- 
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SUMMARY OF CLD STATION ELEMENTS 

TABLE 3.7.5-1 
OVERVIEW OF MAN-IN-THE-LOOP IMPACTS ON CONTROL STATION CONFIGURATION 

CONS OLE 
CONFIGURATION 

CONSTRAINTS 
OPERATIONAL 

DRIVERS 
SELECTED 
BASELINE 

Viewing Worksite: 

- Depth Percept ion 

I nd ir ec t : 
Fresne l  S t e reo  r e q u i r e s  
f ixed  LOS from ope ra to r  
t o  monitor 

S t e r e o  & Monoscopic 
(S tereo  type s t i l l  
open) 

Manipulator Control: 

- TWO A r m s  

Camera Assy Control.: 

TWO 6-DOF pos i t ion  
c o n t r o l l e r s  

L i m i t s  ope ra t ing  envelope 
a t  console ,  keeps o p e r a t o r ' s  
hands committed 

PanITi l t  Joy s t i c k  
au to  fo l low or voice  

Keep job  s t i c k  c lose  t o  
6-DOF Contr o l  1 er 

Operator Console: 

- Numbers 

Requires dua l  C&D func t ions  
( d i s p l a y s ,  Data Call-up, 
Emergency Cont ro ls )  One primary and one 

support  (minimum) 

Consoleloperator  i n t e r f a c e  
adjustment (seat ,  reach ,  e t c  1 

- S i z e  Accommodate 5th percen- 
t i l e  female through 
95th pe rcen t i l e  male 

- Comfort Seared through s t and ing  Seat back,  seat b e l t s ,  arm 
rest, f o o t  r e s t r a i n t s ,  hand 
holds ,  e tc .  

Other Features:  

- Data Display Continuous and s t o r e d  
(Graphics) 

Locations and computer s i z e  

Requires handleye coord ina t ion  
(Keyboard Located on s i d e  'of 
Operator Console) 
Addit ional  Software 

- Keyboard Opera ti on s support  t o o l  

- Automated Automated Ops. Segments 
(Limited Supervisory) 
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4.0 COSTING ACTI~ITIES 

4 .1  SUMMARY OF METHODOUGIES 
. 

Throughout Phase B ,  w e  have t r e a t e d  c o s t  as a key t r a d e  s tudy  d i sc r imina to r .  
Cost estimates were developed f o r  each a l t e r n a t i v e  using t h e  t o o l s  descr ibed  
f n  t h e  Cost Est imat ing Approach (Figure 4.1-1). Credib le  and v e r i f i a b l e  
estimates were insured  by blending parametr ics  , ana log ie s  and engineer ing  
estimates . Each c o s t  estimate considered des ign ,  development, product ion,  
ope ra t ions  and support  c o s t s  t o  properly balance LCC f o r  a f f o r d a h i l i t y .  As 
shown i n  t h e  Trade Study Approach (Figure 4.1-2) our c o s t  ana lyses  a l s o  
h igh l igh ted  t a l l  po les ,  q u a n t i f i e d  r i s k  and examined t h e  c o s t  s e n s i t i v i t y  t o  
key c o s t  d r i v e r s .  

4.2 DESCRIPTION OF COST OPTIMIZATION TECHNIQUES 

Our DTC program provided t h e  forum f o r  organized cos t  op t imiza t ion  dur ing  
Phase B. DTC w a s  p rac t i ced  program w i d e  inc luding  p a r t i c i p a t i o n  by our  
subcont rac tors :  Hamilton Standard and McDonnel1 Douglas. To guide t h e  
implementation of DTC on t h e  Space S t a t i o n  Program, w e  developed a t a i l o r e d  
DTC/Productivity management plan. The plan w a s  disseminated t o  t h e  p r o j e c t  i n  
November of 1985. DTC trades were i d e n t i f i e d  by cha l lenging  requirements , 
design approaches,  and management methods, and by examining t h e  p r o d u c i h i l i t y ,  
m a i n t a i n a b i l i t y ,  r e l i a b i l i t y  and t h e  level of commonality of proposed designs.  
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5.0 PHASE C/D PROGRAMMATIC ACTIVITIES 

Our planning a c t i v i t i e s  f o r  t h e  design,  development and ope ra t ions  phase (C/D)  
of Work Package 0 1  f o r  t h e  Space S t a t i o n  p ro jec t  are provided i n  DR-10, 
P ro jec t  Implementation Plan (SSP-MMC-00036) da t ed  1 June 1986. That document 
addresses  each of t he  UP-01 p ro jec t  elemeDts descr ibed i n  t h e  Work Breakdown 
S t r u c t u r e  (UBS) (DRO81, and descr ibes  t h e  approach t o  accomplish t h e  t a s k  
a s soc ia t ed  wi th  each element, t o  i n t e g r a t e  t h e  resources  generated under 
DR-09, and provides  schedules  f o r  accomplishing each element. The p l ans  
provided wi th  t h a t  document descr ibe  the  program management approach and 
c o n t r o l s  w e  w i l l  use  f o r  product assurance ,  conf igu ra t ion  management, 
performance measurement, SE&I, design and development, manufactur ing,  and 
Product iv i ty .  The fol lowing paragraphs b r i e f l y  summarize t h e  major Sec t ions  
of DR-10. Volume 2 of t h i s  document provides  an  expanded summary of DR-10. 

5.1 PROGRAM MANAGEMENT REQUIREMENTS 

The r e s p o n s i b i l i t y  for t h e  management o f  t h e  Martin Marietta WP-01 Phase C/D 
Space S t a t i o n  act ivi t ies  w i l l  be ass igned t o  our  Michoud Aerospace Divis ion.  
Our management approach is  based upon t h e  Pol icy ,  Procedure, and P r a c t i c e  
(P3) media and ope ra t ing  plans c u r r e n t l y  i n  p lace  a t  Michoud and 
s u c c e s s f u l l y  managing the  External  Tank program. These media and p lans  w i l l  
be r ev i sed  t o  reflect  t h e  innovat ive c o s t  and p roduc t iv i ty  improvements made 
a v a i l a b l e  through automated, paper less  systems. This  s e c t i o n  of DR-lo 
desc r ibes  t h e  management systems r equ i r ed  t o  manage and c o n t r o l  t h e  des ign ,  
development, and ope ra t ions  phases of t h e  program. Deta i led  d e s c r i p t i o n s  are 
provided f o r  our  program planning,  element/systems schedules  and networks,  ou r  
u t i l i z a t i o n  of government-furnished equipment and our make-orbuy 
assumptions.  Our pro jecr r i s k  assessment plan is a l s o  descr ibed  and inc ludes  
t e c h n i c a l  and schedule  r i s k  assessment and c o s t  r i s k s .  This  s e c t i o n  a l s o  
desc r ibes  our management systems inc luding  performance measurement, f i n a n c i a l  
management, t echn ica l  and information system management, procurement planning,  
conf igura t ion  and da ta  management, engineer ing  and manufacturing systems,  
product assurance and our  documentation tree. F i n a l l y ,  our  f a c i l i t i e s  
requirements  and c a p a b i l i t i e s  are descr ibed.  

5.2 SYSTEMS ENGINEERING AND INTEGRATION 

This  s e c t i o n  desc r ibes  the  Systems Engineering and I n t e g r a t i o n  (SE&I) 
organiza t ion  and methodology planned f o r  t h e  Design, Development and 
Operat ions phase of t h e  Space S t a t i o n  p ro jec t .  The func t ions  t o  be 
accomplished, r e s p o n s i b i l i t y  f o r  those func t ions ,  and t h e  methodology and 
schedul ing  of  t hose  func t ions  are descr ibed  h e r e i n .  Funct ional  and 
o rgan iza t iona l  i n t e r f a c e s  are a l s o  def ined.  Both h o r i z o n t a l  a c t i v i t i e s ,  those  
which c u t  a c r o s s  hardwarelsoftware elements ,  and v e r t i c a l  a c t iv i t i e s ,  t hose  
which are performed . for  each element, are descr ibed.  
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The Systems Engineering d i s c i p l i n e s  w i l l  t oge the r  ensure t h a t  requirements ,  
design i n t e g r a t i o n ,  ope ra t ions  and l o g i s t i c s ,  suppor t  and t e s t  planning 
a c t i v i t i e s  are accomplished h o r i z o n t a l l y ,  and w i l l  work i n  conce r t  wi th  t h e  
hardware element teams t o  achieve proper v e r c i c a l  i n t e g r a t i o n .  Systems 
Requirements w i l l  i denc i fy ,  maintain and ensure t r a c e a b i l i t y  of a l l  
Performance requirements.  Systems Design w i l l  suppor t  system conf igu ra t ion  
development and in t eg ra t ion .  Systems Analysis  w i l l  conduct t r a d e  s t u d i e s  
requi red  t o  support  design development. The Operat ions and L o g i s t i c s  
d i s c i p l i n e s  w i l l  support  the d e f i n i t i o n  o f  and t r a i n i n g  f o r  o r b i t a l  ope ra t ions  
and pre-launch opera t ions  inc luding  checkout and i n t e g r a t i o n  of f l i g h t  
hardware, ASE and GSE and w i l l  perform l o g i s t i c s  and maintenance engineer ing  
ana lyses  f o r  t h e  WP-01 elements.  Systems Support w i l l  conduct des ign  t o  
c o s t / l i f e  cyc le  c o s t ,  r e l i a b i l i t y ,  mass p r o p e r t i e s  and contaminat ion ana lyses  
f o r  the Phase C/D e f f o r t .  Engineering change c o n t r o l  w i l l  ensure  proper 
coord ina t ion  and review of des ign  changes throughout t h e  des igddevelopment  
e f f o r t .  Systems Test w i l l  provide test  p l ans ,  procedure reviews, t es t  suppor t  
and test  data reviews as p a r t  o f  t h e  v e r i f i c a t i o n  process .  Systems 
Engineering w i l l  a lso suppor t  t h e  monitoring and review of subcon t rac to r  
e f f o r t  by a s su r ing  t h a t  end item requirements  are s a t i s f i e d  by subcon t rac to r  
products.  

5.3 DESIGN AND DEVELOPMENT PLAN 

The des ign  and development p lans  f o r  t h e  hardware elements of WP-01 are 
descr ibed i n  t h i s  s e c t i o n  of DR-10. For each hardware element a summary of 
requirements is provided, t h e  s p e c i f i c  element hardware and sof tware  a re  
descr ibed ,  and a design and development plan is provided which inc ludes  des ign  
engineer ing ,  i n t e g r a t i o n ,  t r a d e s  and ana lyses  r equ i r ed ,  t es t s  and v e r i f i c a t i o n  
requirements ,  and technology development s t a t u s .  

5 . 4  MANUFACTURING 

Our manufacturing plan has  as i ts  o b j e c t i v e  t o  produce t h e  v a r i o u s  end items 
of Work' Package 0 1  i n  order  t o  have an  ope ra t iona l  Space S t a t i o n  i n  t h e  e a r l y  
199O's, and w i t h i n  the  budget l i m i t a t i o n s  as e s t a b l i s h e d  by t h e  Congress. The 
keys t o  achiev ing  these  primary o b j e c t i v e s  involve  a goal-oriented development 
program t h a t  w i l l  r e q u i r e  t h e  in t roduc t ion  of i nnova t ive  concepts  i n  t h e  area 
of Manufacturing Systems, coordinated engineering/manufacturing des ign  , and 
t h e  development of a manufacturing and t o o l i n g  approach t o  produce t h e  Space 
S t a t i o n  elements with t h e  h ighes t  q u a l i t y  a t  t h e  lowest  poss ib l e  c o s t .  

The Production Operation s h a l l  be managed t o  i n s u r e  t h a t  t h e  most 
cos t - e f f ec t ive  method s h a l l  be incorpora ted  and t h a t  t h e  i n t r o d u c t i o n  of  
innovat ive  opera t ions  and systems s h a l l  be performed i n  a t imely  manner t o  
reduce program c o s t  and inc rease  p roduc t iv i ty .  Manufacturing Planning which 
has been emphasized i n  t h e  Phase B Prel iminary Design s h a l l  cont inue  
throughout Phase C/D,  t o  a s s u r e  Producible  Designs, t o  maintain a f l e x i b l e  
manufacturing approach adaptab le  t o  growth changes,  and t o  a s s u r e  lowest  
poss ib l e  product ion cos t .  
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This sec t ion  of DR-10 desc r ibes  our p ro jec t  plan and schedules  and follow-on 
product ion ,  manufacturing requirements inc luding  t h e  manufacturing master 
schedule ,  manufacturing technology, t o o l i n g  and test .  I n  a d d i t i o n ,  
fac i l i t i es ,  long  l e a d  items and producibi l  i t y  a re  d iscussed .  A d e t a i l e d  
manufacturing plan i s  provided f o r  each hardware element. 

5 . 5  PRODUCT ASSURANCE 

Details of t h e  Martin Marietta s a f e t y ,  r e l i a b i l i t y ,  q u a l i t y  assurance  and 
sof tware  product assurance implementation plans are provided i n  SSP-MMC-00037, 
SSP-MMC-00038, SSP-MMC-00039, and SSP-MMC-00044, r e spec t ive ly .  

5 . 6  PRODUCTIVITY 

The P roduc t iv i ty  Management Plan f o r  UP-01 is provided i n  SSP-MMC-00040. 
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